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ABSTRACT
L o u is ia n a  S t a t e  U n iv e r s i ty  h a s  d ev e lo p ed  a  p ro c e s s  i n  w hich 
v a r io u s  c e l l u l o s i c  w a s te s  a re  c o n v e r te d  i n to  s in g le  c e l l  p r o te in  
(S C P). The p ro c e ss  i s  e s s e n t i a l l y  one o f  grow ing a c e l l u l o l y t l c  
o rg a n ism  on a l k a l i  t r e a t e d  c e l l u l o s i c  s u b s t r a t e s  and h a r v e s t in g  
th e  b a c t e r i a l  c e l l s  f o r  t h e i r  p r o t e i n  v a lu e .  T h is  r e s e a r c h  
in v o lv e s  th e  i s o l a t i o n  and p u r i f i c a t i o n  o f  th e  p r o t e i n  from  th e  
b a c t e r i a l  s o u rc e .
An e f f e c t i v e  means o f  h a r v e s t in g  th e  b a c t e r i a l  c e l l  from  th e  
c u l t u r e  m edia was i n v e s t i g a t e d .  The s m a ll s iz e  o f  th e  b a c t e r i a ,
0 . 3 - 0 .5  x  0 . 7- 1 .2  JJ>, makes d i r e c t  c e n t r i f u g a t i o n  o f  th e  c u l tu r e  
m edia p r o h i b i t i v e l y  e x p e n s iv e . The u s e  o f  ch em ica l a d d i t i v e s  w hich  
c a u se  th e  c e l l s  to  f l o c c u l a t e  so  th e y  can  be removed by a  
d e s lu d g in g  c e n t r i f u g e  o f f e r s  an in e x p e n s iv e  means o f  c e l l  r e c o v e ry .  
S e v e ra l  f l o c c u l a t i n g  a g e n ts  w hich a r e  e f f e c t i v e  a t  a  c o n c e n t r a t io n  
o f  0 .1 ^  a r e  r e p o r te d .  The u se  o f  fo o d  g rad e  p r o te in s  fo llo w e d  by 
pH a d ju s tm e n t o f f e r s  a n  a l t e r n a t i v e  t o  c h em ica l f l o c c u l a n t s .
C a s e in  a c t s  a s  an e x c e l l e n t  f l o c c u l a t i n g  a g e n t  when th e  pH o f  th e  
c e l l  c u l t u r e  i s  a d ju s t e d  from  7  t o  5 *
M ethods f o r  rem o v a l o f  th e  d e l e t e r i o u s  n u c le ic  a c id  com ponent, 
w h ich  i s  p r e s e n t  i n  h ig h  c o n c e n t r a t io n s  i n  s in g le  c e l l  o rg a n ism s , 
h av e  b een  e v a lu a te d  an d  s e l e c t i v e  h y d r o ly s i s  te c h n iq u e s  h av e  p roved  
to  be  e f f e c t i v e .  T re a tm e n t o f . hom ogenized  c e l l s  w i th  1.0N  h y d ro ­
c h l o r i c  a c id  s e l e c t i v e l y  h y d ro ly s e s  th e  n u c le ic  a c id s  to  low
viii
m o le c u la r  w e ig h t  n u c le o t id e s  w hich  c an  be  s e p a ra te d  from  th e  h ig h  
m o le c u la r  w e ig h t  p r o te in s  by d i a l y s i s  o r  h y p e r f i l t r a t i o n .  The 
n u c le i c  a c id  com ponent o f  th e  p u r i f i e d  s in g le  c e l l  p r o t e i n  can  be 
re d u c ed  from  10$ to  l e s s  th a n  2$ u s in g  t h i s  te c h n iq u e .  The u se  o f  
an  a c id  pH f o r  n u c le ic  a c id  rem oval a l s o  e f f e c t s  rem o v a l o f  th e  
l i g n i n  im p u r i ty  p r e s e n t  i n  th e  c e l l  c u l t u r e .  The a c id  t r e a tm e n t  
re d u c e s  th e  m o le c u la r  w e ig h t  and b ro a d e n s  th e  m o le c u la r  w e ig h t 
d i s t r i b u t i o n  o f  th e  p r o t e i n s , b u t  r e a s o n a b le  m e ch a n ic a l p r o p e r t i e s  
a r e  e x h ib i te d  by th e  p r o t e i n  e x t r a c t .
The n u c le i c  a c id  c o n te n t  o f  th e  C ellu lom onas c a n  be re d u c ed  
by  a  th e rm a l sh o ck  fo llo w e d  by c o n tin u e d  in c u b a t io n  o f  th e  c e l l s  to  
a llo w  t h e i r  endogenous r ib o n u c le a s e  t o  e f f e c t  th e  h y d r o ly s i s  b u t  
t h i s  p ro c e d u re  i s  n o t  a s  e f f e c t i v e  a s  s e l e c t i v e  a c id  h y d r o ly s i s .
The b a c t e r i a  a r e  g iv en  a  h e a t - s h o c k  i n  th e  65“75°C ra n g e  f o r  s e v e r a l  
seco n d s by means o f  a  h e a t  e x ch a n g e r and  th e n  in c u b a te d  f o r  two 
h o u rs  a t  50"55°C j th e  n u c le o t id e s  d i a ly z e  from  th e  i n t a c t  c e l l s .
The p ro c e s s  i s  h ig h ly  e f f e c t i v e  f o r  y e a s t ,  b u t  r e d u c t io n s  i n  RNA 
c o n te n t  o f  o n ly  5O96 a r e  o b se rv e d  w i th  C e llu lo m o n a s .
S im u ltan e o u s  rem oval o f  n u c le ic  a c id s  and f a b r i c a t i o n  o f  th e  
p r o t e in  i n to  f i b e r s  by s p in n in g  th e  hom ogenized c e l l s  from  an 
a l k a l i n e  s u s p e n s io n  in to  a  d i l u t e  a c id  b a th  h as  b een  a c h ie v e d . The 
sp u n  p r o t e in  f i b e r s  now h a v e  a  t e x tu r e  w h ich  e n a b le s  them  to  be 
in c o rp o ra te d  i n t o  a  v a r i e t y  o f  foods su ch  a s  m eat a n a lo g s .
ix
CHAPTER I  
INTRODUCTION
A. The Need f o r  A New P r o te in  S o u rce
The c u r r e n t  fo o d  s h o r ta g e s  and c o n t in u a l ly  r i s i n g  p r i c e s  have 
f i n a l l y  b ro u g h t to  l i g h t  th e  c r i t i c a l  food  p rob lem s f a c in g  th e  
e n t i r e  w o r ld . P r e v io u s ly  t h i s  p ro b lem  was c o n f in e d  m ain ly  to  
u n d e rd ev e lo p ed  o r  " th i r d - w o r ld ” c o u n t r i e s .  The d ev e lo p ed  n a t io n s  
w ith  t h e i r  advanced te c h n o lo g y  w ere  c a p a b le  o f  n o t  o n ly  fe e d in g  
th e m se lv e s  b u t  t h e i r  s u r p lu s e s  c o u ld  be u sed  to  fe e d  th e  p o o re r  
c o u n t r i e s .  T hat h u n g e r  e x i s t e d  i n  th e  modern w o rld  was n o t  due to  
food  s h o r ta g e s  b u t  to  econom ic, p o l i t i c a l ,  and s o c io lo g ic a l  
r e s t r a i n t s .  Now t h a t  t r u e  food s h o r ta g e s  h av e  become more g lo b a l  
i n  s c a l e ,  te c h n o lo g y  and r e s e a r c h  m ust keep  p ace  to  su p p ly  an 
ex p an d in g  p o p u la t io n  w i th  i t s  n e c e s s a ry  food  re q u ire m e n ts ,  
e s p e c i a l l y  p r o t e i n .  I t  i s  e s t im a te d  t h a t  th e  w o r ld 's  fo o d  su p p ly  
m ust be  do u b led  by I 98O and t r i p l e d  by th e  t u r n  o f  th e  c e n tu r y  to  
p ro v id e  a d e q u a te  food  and n u t r i t i o n  to  th e  in c r e a s in g  w o rld  
p o p u la t io n . 1 The s o lu t io n  to  th e  p rob lem  i s  n e i t h e r  a s in g l e  n o r 
a s im p le  o n e . One d i r e c t  ap p ro ach  h a s  been  a t te m p ts  to  l i m i t  th e  
r a t e  o f  p o p u la t io n  g ro w th . W hile  b i r t h  c o n t r o l  migiht be one lo n g  
te rm  s o l u t i o n  i t  does l i t t l e  to  e a s e  th e  c u r r e n t  food  s h o r ta g e s .
The " g re e n  r e v o lu t io n "  i s  a n o th e r  p a r t i a l  s o l u t i o n ;  new a g r i c u l t u r a l  
te c h n iq u e s ,  b e t t e r  p l a n t  v a r i e t i e s  and ad v ances in  f e r t i l i z e r  
te c h n o lo g y  have r e s u l t e d  in  in c re a s e d  c ro p  y ie ld e d  w ith o u t  in c re a s e d
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a c ra g e . The e v o lu t io n  o f  farm s In to  a g r i - b u s in e s s e s  w hich use  
com puter te ch n o lo g y  and in c re a s e d  m e ch a n iz a tio n  a l s o  r e s u l t s  in  
more e f f i c i e n t  la n d  u s e . New c a t t l e  b re e d s  and ra n c h in g  methods 
have  y ie ld e d  In c re a s in g  amounts o f  b e e f .  The su p p le m e n ta tio n  o f  
c e r e a l s  w ith  e s s e n t i a l  a m in o -a c ld s , v i ta m in s ,  and m in e ra ls  in c re a s e s  
t h e i r  p r o te in  p o t e n t i a l .  The se a  h a s  a l s o  been  e x p lo i te d  in  m an 's 
s e a rc h  f o r  in c re a s in g  food s o u rc e s . A lm ost a l l  n a t io n s  h av in g  a 
sea  c o a s t  d e r iv e  a s u b s t a n t i a l  p o r t io n  o f  t h e i r  p r o te in  re q u ire m e n ts  
from  sea fo o d  p ro d u c ts .  The im p o rtan ce  o f  th e s e  p r o te in  r e s o u rc e s  
can  be r e a l i z e d  by th e  f a c t  t h a t  n a t io n s  a r e  p re p a re d  f o r  armed 
c o n f l i c t  o v er f i s h in g  r i g h t s  ( e .g .  th e  c o d - f is h  w a r) . The 
developm ent o f  f i s h  p r o te in  c o n c e n tra te s  h a s  in c re a s e d  th e  bounty  
from  th e  s e a .  H e r e t o f o r e  " t r a s h ” f i s h  o f  l i t t l e  economic 
im p o rtan ce  have been  c o n v e r te d  in to  a v a lu a b le  p r o te in  p ro d u c t. 
Advances in  food te ch n o lo g y  and c o n c u r re n t developm ent o f  a new food 
in d u s t ry  w hich p roduces p ro d u c ts  such  a s  In c a p a r in a ,  V ita so y  and 
F ro  N u tro  have g iv e n  th e  t h i r d  w o rld  c o u n tr ie s  b e t t e r  fo o d s w ith  
h ig h e r  p r o te in  c o n te n ts .  The r e a l i z a t i o n  by th e  O c c id e n ta l w orld  
t h a t  th e  soy bean  h a s  o th e r  u se s  b e s id e s  c a t t l e  feed  and th e  
p ro d u c tio n  o f soya sauce  h a s  a ls o  r e s u l t e d  in  numerous new h ig h  
p r o te in  foods and food su p p lem en ts .
W hile th e  above a re  a l l  p a r t i a l  s o lu t io n s  to  p r e s e n t  food 
s h o r ta g e s  and fu tu r e  fa m in e s , th e y  a re  n o t  th e  f i n a l  answ ers. 
A g r i c u l tu r a l l y  b ased  p ro d u c ts  a r e  l im i te d  by th e  amount o f a ra b le  
la n d  a v a i l a b l e ,  th e  u l t im a te  c ro p  y i e l d  p e r  a c r e ,  and th e  f o ib l e s  
o f  n a tu r e .  D ro u g h ts , f lo o d s ,  an e a r ly  o r  l a t e  w in te r ,  an
u n se a so n a b le  h a l l  s to rm  and many m ore p rob lem s b ro u g h t on by w e a th e r  
p la g u e  th e  fa rm e r and u l t im a te ly  e f f e c t  c ro p  y i e l d .  S c ie n c e  Is  
t r y i n g  to  a id  man by c o n t r o l l i n g  th e  w e a th e r ,  b u t  w h ile  enorm ous 
advances have  been  made i n  p r e d i c t i n g  and fo re  c a s t i n g  th e  w e a th e r ,  
v e ry  few p r a c t i c a l  ach iev em en ts  h av e  b een  made in  c o n t r o l l i n g  i t .  
S e a fo o d , f i s h ,  f i s h  p r o t e i n  c o n c e n t r a t e ,  m e a t, p o u l t r y ,  and o th e r  
p r o t e i n  p ro d u c ts  d e r iv e d  from  l i v i n g  o rgan ism s a r e  a l s o  l im i t e d  in  
t h e i r  u l t im a te  y i e l d .  These p r o t e i n  so u rc e s  a r e  d ep en d en t to  some 
e x te n t  upon n a t u r e ,  th e  n e c e s s i t y  o f  b re e d in g  s to c k ,  and  th e  
b i o l o g i c a l  grow th c y c le .
P e rh a p s  th e  m ost p ro m is in g  in n o v a tio n  i n  n o n - a g r i c u l t u r a l ,  
u n c o n v e n tio n a l p r o te in  so u rc e s  h a s  b een  th e  d evelopm en t o f  s in g le  
c e l l  p r o t e in  (SCP) o r  p r o t e in s  from  m ic ro b ia l  s o u r c e s .  S in c e  th e  
te rm  SCP i s  o f  r e c e n t  o r i g i n  and w i l l  be u sed  e x te n s iv e ly  i n  t h i s  
t e x t ,  i t  i s  p e rh a p s  n o te w o rth y  to  d is c u s s  i t s  o r i g i n .  A cco rd in g  to  
Scrim shaw2  th e  term  SCP was in v e n te d  a t  M .I .T . in  1966  a s  a r e s u l t  
o f  th e  i n s i s t e n t  p ro d d in g  o f  P r o f e s s o r  C a r r o l l  W ilso n . He i n s i s t e d  
on  a name t h a t  would n o t  h av e  th e  u n p le a s a n t  c o n n o ta t io n s  r e l a t i v e  
t o  food in v o k ed  by th e  te rm s " b a c t e r i a l "  o r  " m ic r o b ia l " .  F o r th e  
laym an, i t  i s  a n e u t r a l  and s l i g h t l y  e x o t i c  name t h a t  a ro u s e s  
i n t e r e s t  r a t h e r  th a n  r e v u l s io n .  S o u rce s  o f  p r o t e i n  u s u a l ly  
c o n s id e re d  to  be SCP a re  b a c t e r i a ,  y e a s t ,  a lg a e ,  and f u n g i .
The enorm ous p o t e n t i a l  o f  SCP can  p e rh a p s  be i l l u s t r a t e d  by 
l i s t i n g  th e  g e n e ra l  a d v a n ta g e s  o f  m ic ro b es  o v e r  p l a n t s  and an im a ls  
a s  p r o t e i n  p r o d u c e r s . 3
k
1. M icro o rg an ism s have a v e ry  s h o r t  r e g e n e r a t io n  tim e*  and 
c a n  th u s  p ro v id e  a r a p id  mass I n c r e a s e .  B a c te r ia  and y e a s t ,  u n d e r 
th e  m ost f a v o ra b le  c o n d i t io n s ,  h av e  g e n e r a t io n  tim e s  o f  a b o u t 0 .5 - 2  
and 1 -3  h r .  r e s p e c t i v e l y ,  w h ile  a lg a e  and f i la m e n to u s  f u n g i  c an  
d o u b le  t h e i r  m asses in  2 -6  and h -1 2  h r .  r e s p e c t i v e l y .  The 
co n seq u en ce  o f  t h e s e  s h o r t  d o u b lin g  tim es  i s  an e x p o n e n t ia l  in c r e a s e  
i n  p r o t e in  p r o d u c t i v i t y  (T ab le  l ) . 4
2 . M icro o rg an ism s can  be  e a s i l y  m o d if ie d  g e n e t i c a l l y .  
M u ta t io n s ,  in d u ced  by  ch em ica l o r  p h y s ic a l  means and fo llo w e d  by 
l a r g e - s c a l e  s c r e e n in g  p ro g ram s, w i l l  g iv e  v a r i a n t s  w ith  r e q u i r e d  
q u a l i t i e s ,  e .g .  f a s t e r  grow th r a t e  o r  th e  a b i l i t y  to  grow a t  h ig h e r  
te m p e ra tu re s  o r  a d e f i c i e n t  c e l l  w a l l  i n t e g r i t y .  By ch an g in g  th e  
enzyme p a t t e r n  i t  may even  be p o s s ib le  to  a f f e c t  th e  t o t a l  c e l l  
am ino a c id  c o m p o s i tio n .
3 . The p r o t e i n  c o n te n t  o f  m ic ro o rg an ism s i s  h ig h .  M ost 
m ic ro o rg an ism s c o n ta i n  betw een  f  and 12$ n i t r o g e n  on a d ry  w e ig h t 
b a s i s  w h ich , e v en  a f t e r  c o r r e c t io n  f o r  n i t r o g e n  from  p u r in e s ,  
p y r im id in e s ,  e t c . ,  in d ic a te s  a t r u e  p r o t e i n  c o n te n t  w hich  i s  h ig h e r  
th a n  t h a t  f o r  m o st common f o o d s t u f f s .
I*-. Die p ro d u c t io n  o f  SCP can  be b a se d  upon raw  m a te r ia l s  
w h ic h  a re  l o c a l l y  a v a i l a b le  i n  l a r g e  q u a n t i t i e s ,  such  as c e l l u l o s e ,  
c o a l ,  p e tro le u m , o r  n a tu r a l  g a s ,  and w hich  w i l l  be  r e a d i l y  a v a i l a b le  
f o r  a lo n g  tim e  t o  come.
5 . The p ro d u c t io n  o f  SCP can  be  c a r r i e d  o u t  i n  c o n tin o u s  
c u l t u r e ,  in d e p e n d e n t o f  c l i m a t i c  changes and w i th  o n ly  a sm a ll la n d  
a r e a  and w a te r  r e q u ire m e n t .  The w a s te  d i s p o s a l  p rob lem s a r e  sm a ll
T ab le  I
R e la t iv e  P r o d u c t iv i ty  o f  P r o te in  S o u rce
S o u rce  
(1000  l b )
P r o te in  P roduced  
( lb /d a y ) G row th P e r io d
S te e r s  (lfOO lb ) 3 21 - 2U mo.
P ig s  (100  lb ) 9 5 mo.
C hickens (2  lb ) 3T-5 2 mo.
Soy b ean s 100 h mo.
Y e as t 100 ,000 c o n tin u o u s
B a c te r ia 1 0 ,0 0 0 ,0 0 0 ,0 0 0 ,0 0 0 c o n tin u o u s
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compared w ith  th o se  e n co u n te re d  in  m ost o th e r  p ro c e s s e s  f o r  food 
p ro d u c tio n .
I t  i s  obvious t h a t  th e  w orld  w i l l  r e q u ir e  new p r o te in  so u rces  
to  su p p o r t  and improve fo o d  q u a l i ty .  T h is  demand can  be f u l f i l l e d  
by SCP p ro v id e d  th a t  i t  can  meet c e r t a i n  re q u ire m e n ts . M ic ro b ia l 
p r o te in  m ust be c o m p e tit iv e  in  p r ic e  w i th  o th e r  so u rc e s  o f  p r o t e in ,  
have good n u t r i t i v e  q u a l i t y ,  be p a l a t a b l e  and n o n to x ic ,  and f i n a l l y  
be c ap a b le  o f  b e ing  f a b r i c a t e d  in to  fo o d s  th a t  a re  a com m ercial 
s u c c e s s .
T h is  d i s s e r t a t i o n  w i l l  d e a l w ith  th e  problem s in v o lv ed  in  th e  
c o n v e rs io n  o f  a m icrobe in to  a p o t e n t i a l  human food  s o u rc e . These 
problem s a r e  q u ite  v a r ie d  and i f  th e  c o n s t r a in t s  o f  economic 
f e a s i b i l i t y  a re  invoked th e  p o s s ib le  s o lu t io n s  a re  v e ry  l im i t e d .  
When d e a l in g  w ith  a u n iq u e  b io lo g ic a l  sy stem , such  as  a s p e c i f ic  
m ic ro b e , w hat may i n i t i a l l y  appear to  be a sim ple  s o lu t io n  based 
upon e x p e r ie n c e  w ith  o th e r  organism s i s  co m p le te ly  n o n -a p p l ic a b le .  
T hus, u n iq u e  la rg e  s c a le  p ro d u c tio n  te c h n iq u e s  m ust be developed 
f o r  each  o rgan ism .
i.
B. H i s to r i c a l
Man h as  been  consum ing m icroorgan ism s s in c e  th e  dawn of 
c i v i l i z a t i o n .  T h is h a s  o c c u rre d  unknow ingly f o r  th e  m ost p a r t ,  as 
h e  consumed foods d e r iv e d  from  fe rm e n ta t io n  p ro c e s s e s ,  e . g . ,  b e e r  
and w in e s , cheeseB , y o g u r t ,  soy s a u c e , b re a d , e t c .  I t  was n o t  
u n t i l  th e  e a r ly  1900 ' s  t h a t  m icroorgan ism s w ere c o n s id e re d  as  a 
p rim ary  o r  su p p lem en ta l so u rc e  o f  fo o d . U n fo r tu n a te ly  i t  r e q u ire d  
W orld War X to  e x p e d ite  th e  se a rc h  f o r  new food  s o u rc e s . E a r ly  
•a ttem p ts  to  e x p lo i t  th e  p o t e n t i a l  o f  m ic ro b ia l  s y n th e s is  w ere 
d i r e c te d  tow ards p ro d u c tio n  o f  p r o t e in  and f a t s  to  a l l e v i a t e  
sh o r ta g e s  in  Germany d u r in g  th e  F i r s t  W orld W ar. 5 Funk _et a l . 
( I 9 I 6 )6 fe d  r a t s  and fo u r  human v o lu n te e r s  a d i e t  c o n ta in in g  d r ie d  
y e a s t  as th e  s o le  so u rc e  o f  p r o te in  f o r  one m onth. W hile th e  r a t s  
d id  w e l l ,  i n  th e  c a se  o f  th e  humans th e  n i t r o g e n  was p o o r ly  
a s s im i la te d  and th e  d i e t  caused  a r i s e  in  th e  u r i c  a c id  c o n te n t  
o f  t h e i r  b lo o d . Osborn and Mendel ( I 9 I 9 ) 7  u sed  b rew ers y e a s t  to  
fe e d  r a t s  f o r  more th a n  a y e a r .  The y e a s t  fu rn is h e d  th e  s o le  
so u rc e  o f  n i t r o g e n  i n  t h e i r  d i e t .  The grow th c u rv e s  w ere s im i la r  
to  th e  norm al grow th c u rv e  f o r  r a t s .  I n  19^-9» Hawk e t  a l . s  
re p la c e d  9  to  29 p e rc e n t  o f  th e  n i t r o g e n  in  th e  d a i ly  d i e t  o f men 
th ro u g h  th e  fe e d in g  o f  d r ie d  y e a s t .  The s u b je c ts  showed a w e ig h t 
g a in  and th e y  re p o r te d  t h a t  th e  com pressed  y e a s t  form ed a 
s a t i s f a c t o r y  a r t i c l e  f o r  th e  d i e t  o f  hum ans. I t  was a ls o  n o ted  
t h a t  when 4g o r  more o f  y e a s t  n i t r o g e n  was e a te n  d a i l y  a l a x a t iv e  
e f f e c t  was g e n e r a l ly  o b se rv e d . I n  an  e x te n s io n  o f  th e  p re v io u s  
s tu d y  to  a n im a ls , Hawk e t  a l . 9 r e p o r te d  t h a t  r a t a  grew w e ll  when
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y e a s t  was added to  t h e i r  d i e t .  I n  a  v e ry  th o ro u g h , lo n g  te rm  
fe e d in g  s tu d y  in  1923* N e lso n  e t  .a l. .10  r a i s e d  th r e e  g e n e r a t io n s  o f  
r a t s  on Saccharorayces c e r e v i s l a e . U sing  5 p e r c e n t  o f  th e  y e a s t  in  
th e  d i e t  a s  th e  o n ly  v i ta m in  B s o u rc e  th e  r a t s  w ere  h e a l th y  th ro u g h  
th r e e  g e n e r a t io n s .  A s tu d y  o f th e  p r o t e in  u se d  r e v e a le d  t h a t  JO to  
k-5 p e r c e n t  o f  th e  d i e t  p r o t e in  was p ro v id e d  by th e  y e a s t ;  n o th in g  
o f  a to x ic  n a tu r e  was n o te d .  M u rlin  and M a t t i l l 11  a l s o  in  1923 
r e p o r te d  an in c r e a s e  in  th e  u r i c  a c id  c o n te n t  o f  th e  b lo o d  o f 
humans fe d  in c r e a s in g  am ounts o f  y e a s t .  A t a low y e a s t  i n t a k e ,  
u r i c  a c id  l e v e l s  w ere  n o rm a l. A l a x a t iv e  e f f e c t  was a l s o  r e p o r t e d .  
B raude12  h a s  rev iew ed  much o f  th e  e a r ly  l i t e r a t u r e  on th e  fo d d e r  
v a lu e  o f  y e a s t .  He s t a t e s  t h a t  d r i e d  o r w et b rew ers  y e a s t  c an  ta k e  
th e  p la c e  o f  o th e r  fe e d  c o n c e n t r a te s  in  m a in ta in in g  and even  
im p ro v in g  g ro w th ; i n  r a i s i n g  th e  m ilk  su p p ly  o f  d a i r y  c o w b  and in  
I n c r e a s in g  th e  egg la y in g  pow ers o f  p o u l t r y ,  so  much so  in  f a c t  
t h a t  d u r in g  W orld War I ,  Germany r e p la c e d  o v e r 60 p e r c e n t  o f  i t s  
im p o rted  p r o t e i n  c o n c e n tr a te s  by d r i e d  y e a s t .  H iaysen13  r e p o r te d  
t h a t  y e a s t  was a g a in  in tro d u c e d  on a la r g e  s c a l e  in  Germany In  
1936. I t  was f i r s t  u sed  by th e  array in  th e  fo rm  o f  e x t r a c t s  f o r  
s e a so n in g s  and e n r ic h in g  v a r io u s  low p r o t e in  fo o d s  su ch  as s o u p s , 
g r a v i e s ,  and p o ta to  and v e g e ta b le  d i s h e s .  I t  was a l s o  u sed  in  th e  
form  o f  fe e d  b r i q u e t t e s  o r  fe e d  c o n c e n t r a te  f o r  h o r s e s .
A gain  d u r in g  th e  Second W orld War y e a s t  f o r  human fo o d  was 
p ro d u ced  e x te n s iv e ly  by Germany from  s u l f i t e  w a s te  l iq u o r  and wood 
s u g a r .  A p p ro x im a te ly  16 ,000  tonB o f  T o ru la  y e a s t  was p ro d u ced  in  
Germany in  19kk as  a food  su p p lem en t. B o ru ff  and Van L anen (19^-7) l4
r e p o r te d  t h a t  27 m i l l i o n  pounds o f  b a k e r s 1 y e a s t  and 78  m i l l i o n  
pounds o f  b re w e rs ' y e a s t  was u sed  by th e  U .S . d u r in g  W orld War 
I t .  I n  a rev iew  o f  i n d u s t r i a l  fe rm e n ta t io n s  i n  19^7»
Johnson 15  d i s c u s s e s  th e  p ro d u c tio n  o f  food  y e a s t  and advances in  
f e rm e n ta t io n  te c h n o lo g y . Goyco and A sen jo  (1 9 ^ 7 , 19 ^9 )i e *x*7' u sed  
r a t s  to  d e te rm in e  th e  t r u e  d i g e s t i b i l i t y  o f  v a r io u s  s t r a i n s  o f  
y e a s t  a s  a p r e l im in a r y  s te p  in  th e  in c o r p o r a t io n  o f  food  y e a s t  in  
th e  d i e t  o f  t r o p i c a l  c o u n t r i e s .  Hie y e a s t  was p ro duced  on m o lasses  
a t  a p i l o t  p l a n t  s c a l e .  I t  was n o t  u n t i l  1953 t h a t  R o b e r ts 10  
s u g g e s te d  t h a t  b a c t e r i a  o f f e r e d  e x te n s iv e  p o s s i b i l i t i e s  a s  a food 
su p p lem en t f o r  a n im a ls . H e a t - k i l l e d  w hole o rg an ism s o f  E s c h e r ic h ia  
c o l i  w ere u sed  to  c o n d u c t fe e d in g  s tu d ie s  on young r a t s  and 
c h ic k e n s .  T h e ir  d i e t  was su p p lem en ted  w ith  5 p e r c e n t  o f  th e  
b a c t e r i a l  p r o t e in  (N x 6 . 2 5 ) . ‘ Between 2 and 5 p e r c e n t  o f  th e  
b a c t e r i a l  p r o t e in  c o u ld  be added to  t h e i r  d i e t  to  p ro d u ce  good 
grow th  c o n d i t io n s .  T h a tc h e r  (1 9 5 5 )10  i n  a s tu d y  o f  fo o d s  from  
fu n g i  a l s o  in c lu d e s  p r o t e i n  from  y e a s t  and b a c t e r i a l  so u rc e s  a s  
p o s s ib le  an im al f e e d s .  In  I 966  Ogur4 e v a lu a te d  b a c t e r i a  as  a 
p o t e n t i a l  so u rc e  o f  f e e d s .
Even th e  sp ace  program  h a s  had  i t s  e f f e c t  on SCP d ev e lo p m en t. 
G a ffo rd  and R ic h a rd so n 20  i n v e s t ig a te d  th e  u s e  o f  a lg a l  c u l tu r e s  to  
r e g e n e r a te  oxygen from  e x h a le d  c a rb o n  d io x id e  In  s e a le d  c a b in s  
s i m i l a r  to  sp ace  o p e r a t io n s .  L achance21 g iv e s  a c r i t i c a l  a n a ly s i s  
o f  th e  u se  o f  a lg a e  in  o x y g e n - re g e n e ra t io n  sy stem s i n  sp ace  
v e h ic l e s  and as  a  fo o d  s o u rc e . I f  man w ish es  to  a d a p t to  d i r e c t  
co n su m p tio n  o f  a l g a l  c a rb o h y d ra te  and p r o t e i n ,  i t  was e s t im a te d
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t h a t  th e  e f f i c i e n c y  o f  su ch  e n e rg y  c o n v e rs io n  w ould s u p p o r t  a  w orld  
p o p u la t io n  o f  th e  o r d e r  o f  1013 p e o p le . 22
The c o m m e rc ia l iz a t io n  o f  y e a s t  p ro d u c tio n  on h y d ro ca rb o n s  by 
th e  B r i t i s h  and J a p a n e se  sh o u ld  g r e a t l y  in c r e a s e  th e  u se  o f  SCP in  
th e  com ing y e a r s .  H ow ever, th e  p o s s i b i l i t y  o f  h e a l t h  h a z a rd s  from  
to x ic  o r  c a r c in o g e n ic  compounds t h a t  m ig h t be p r e s e n t  in  h y d ro ca rb o n  
f e rm e n ta t io n s  w i l l  d e la y  w ide sp re a d  a c c e p ta n c e  o f  t h i s  p r o te in  
u n t i l  f u r t h e r  p u r i f i c a t i o n  p rob lem s a re  s o lv e d .
The p r o l i f e r a t i o n  o f  c e l l u l o s i c  w a s te s  in  u rb a n  and i n d u s t r i a l  
a r e a s  as a  r e s u l t  o f  in c r e a s in g  p o p u la t io n  d e n s i ty  p r e s e n ts  a 
s e r io u s  c h a lle n g e  to  th e  te c h n o lo g ic a l  developm ent o f  o u r  s o c ie ty .
A s im i l a r  in c re a s e  in  a g r i c u l t u r a l  c e l l u l o s i c  w a s te s  due to  
in c r e a s e d  p r o d u c t iv i ty  and m o d if ied  h a r v e s t in g  te c h n iq u e s  i s  
p la g u in g  th e  r u r a l  a r e a s . .  The m agn itude  o f  th e s e  p rob lem s i s  
a p p a re n t  when one c o n s id e r s  t h a t  th e  U n ite d  S t a t e s  a lo n e  p ro d u ces  
more th a n  250 m i l l i o n  to n s  o f  u rb a n  w a s te s  p e r  y e a r , 23  and c e l l u l o s e  
c o m p rise s  a p p ro x im a te ly  5^$ t h i s  w a s te . S i m i l a r ly ,  th e  U .S . 
D ep artm en t o f  A g r ic u l tu r e  h as  e s t im a te d  t h a t  more th a n  200 m i l l i o n  
to n s  o f  c e l l u l o s i c  a g r i c u l t u r a l  w a s te s 24 a r e  p roduced  e ac h  year- 
and l e s s  th a n  1$ o f  th e  w a s te s  a r e  u t i l i z e d .  The p rob lem  i s  
compounded when c e n t r a l i z e d  p r o c e s s in g  i s  r e q u i r e d  to  i s o l a t e  th e  
c r o p ;  huge m ounta ins o f  su g a rca n e  b a g a s s e ,  s u g a r  b e e t  v in a s s e ,  
r i c e  and w h eat h u l l s ,  saw d u st and many o th e r  c e l l u l o s i c s  accu m u la te  
a t  th e s e  p o in ts  and no s a t i s f a c t o r y  s o lu t io n  to  th e  d is p o s a l  o f  
th e s e  w a s te s  e x is tB  t o  d a te .  More e f f i c i e n t  u t i l i z a t i o n  o f 
c e l l u l o s i c  w a s te s  w ould  n o t  o n ly  a l l e v i a t e  a s e v e re  w a s te  d is p o s a l
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problem  b u t  a l s o  r e t a r d  th e  d e p le t io n  o f  ou r n a tu r a l  re s o u rc e s  by 
our expand ing  p o p u la t io n .  The c o n v e rs io n  o f  t h i s  c e l l u lo s e  in to  
SCP would be an  e x c e l l e n t  s o lu t io n  to  th e  p rob lem .
In  1968  Han and S r in iv a s a n 25 r e p o r te d  on th e  I s o l a t i o n  and 
c h a r a c t e r i z a t i o n  o f  a c e l l u lo s e  u t i l i z i n g  b a c te r iu m  o f  th e  genus 
C e llu lo m o n as . The o rg an ism  was i s o l a t e d  from  r o t t i n g  su g a rcan e  
s t a l k s .  T h is  a r t i c l e  was fo llow ed  by one on th e  i s o l a t i o n  o f  a 
c e l l o b i o s e - u t i l i z i n g  b a c te r iu m , 26 A lc a lig e n e s  f a e c a l i s . a l s o  from  
su g arcan e  b a g a s s e . The S y n th e tic  Foods S tudy Group a t  L .S .U . i s  
a c t i v e ly  engaged in  d e v e lo p in g  a m ic ro b ia l  p ro c e ss  f o r  p ro d u c in g  
p r o te in  from  c o l l u l o s i c  w a s te s  u s in g  th e s e  two o rg an ism s. The 
r e s u l t s  to  d a te  have d e m o n stra ted  t h a t  i t  i s  e co n o m ica lly  f e a s ib l e  
to  p roduce s in g le  c e l l  o rgan ism s from  b a g a s s e . 27
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C. Problem s A sso c ia te d  w ith  SCP
A p o t e n t i a l  problem  i n  th e  u t i l i z a t i o n  o f  SCP as  a food 
s o u r c e ,  e i t h e r  an im al a n d /o r  human, i s  th e  p o s s i b i l i t y  o f  ad v erse  
p h y s io lo g ic a l  e f f e c t s .  E f f e c t s  such as  th e  so  c a l l e d  g a s t r o ­
i n t e s t i n a l  syndrome r e s u l t e d  in  cram ps, d i a r r h e a ,  and g e n e ra l 
d is c o m fo r t  in  s u b je c ts  consum ing ab o u t 250g p e r  day o f a lg a l  SCP, 28  
The h ig h  n u c le i c  a c id  to  p r o t e in  r a t i o s  found  in  y e a s t  and b a c te r i a  
a r e  a ls o  r e s p o n s ib le  f o r  a d v e rse  e f f e c t s .  M icroorgan ism s c o n ta in  
betw een  8 to  25g o f  n u c le ic  a c id s  p e r  lOOg o f p r o te in .  P u r in e  and 
p y rim id in e  b a se s  form a s u b s t a n t i a l  p o r t io n  o f  t h i s  n u c le ic  a c id  
c o m p o s itio n . I n  f a c t ,  S to k e s 29 e s tim a te d  t h a t  8 -1 7  p e rc e n t  o f 
y e a s t  n i t r o g e n ,  w hich i s  f r e q u e n t ly  c o n s id e re d  p ro te in a c e o u s , I s  
a c t u a l l y  from  p u r in e s  and p y r im id in e s . T h is  h ig h  n u c le i c  a c id  
c o n te n t  i s  a common c h a r a c t e r i s t i c  o f  lo g  phase  grow th c e l l s .
The f a c t  t h a t  y eaB t m ig h t In c re a s e  th e  u r i c  a c id  c o n te n t  o f  
th e  b lood  th ro u g h  i t s  h ig h  p u r in e  and p y rim id in e  c o n te n t  was 
c o n s id e re d  by C a r te r 30 in  19^4-. W ilson31 n o te d  in c re a s e d  le v e l s  o f  
u r i c  a c id  in  plasm a and u r in e  in  men fe d  d i e t s  h ig h  in  n u c le ic  a c id  
c o n te n t .  O th er a u th o rs 3 2 *33  have re p o r te d  t h a t  o v e r 15g o f y e a s t  
d a i l y  cause  d ig e s t iv e  d is tu rb a n c e s  in  hum ans. The l i m i t  o f  15 to  
20g d ry  y e a s t  a s  a s a fe  d a i l y . i n t a k e  h a s  been  q u e s tio n e d  by 
B unker34 as b e in g  too low . He s ta t e d  t h a t  s e v e r a l  in v e s t ig a to r s  
fe d  more th a n  20g o f  y e a s t  p e r  day w ith  no i l l  e f f e c t s .  N ick erso n  
and  Brown35 h ave  a ls o  rev iew ed  th e  p o s s ib le  t o x i c i t y  and n u t r i t i o n a l  
v a lu e s  o f  y e a s t s .  In  a s tu d y  w here 20g o f  an  SCP p ro d u c t c o n ta in in g  
8 . 5^  n u c le ic  a c id s  were f e d  to  human v o lu n te e r s  o v e r a 6 week p e r io d ,
th e r e  was a s i g n i f i c a n t  I n c r e a s e  in  th e  u r i c  a c id  c o n c e n t r a t io n  o f  
t h e i r  serum . 36  W as lien  e t  a l . 37  u s in g  p u re  r i b o n u c le ic  a c id  added 
to  human d i e t s  s e t  a s a f e  ra n g e  a t  1 t o  2g o f RNA. p e r  d a y . He 
d e m o n stra ted  t h a t  u r i c  a c id  l e v e l s  in  th e  body in c re a s e d  l i n e a r l y  
w i th  in c r e a s in g  n u c le ic  a c id  c o n te n t  in  th e  d i e t  o f  hum ans. In  a 
r a r e  s tu d y  t h a t  was co n d u c ted  u s in g  b a c t e r i a , 36  human s u b je c t s  
became i l l  w i th in  a few h o u rs  a f t e r  e a t i n g  15 to  25g o f  SCP. They 
had  symptoms o f  n a u s e a , v o m itin g , and d i a r r h e a .  I t  h a s  been  
s u g g e s te d  t h a t  th e  n u c le ic  a c id  c o n te n t  o f  a d i e t  h ig h  in  m ic ro b ia l  
p r o t e in  sh o u ld  n o t  ex ceed  2g p e r  d a y . 39  I f  one c o n s id e r s  th e  
n u c le ic  a c id  c o n te n t  to  be 10 p e r c e n t  (an  a v e ra g e  v a lu e  a p p l ic a b le  
to  th e  o rg an ism s under s tu d y  a t  L .S .U .)  f o r  u n t r e a te d  SCP, t h i s  
w ould  l i m i t  th e  in ta k e  o f  SCP to  l e s s  th a n  20g p e r  day .
Ik
D. N u c le ic  A c id s
The s t r u c t u r e  o f  r ib o n u c le ic  a c id  (RNA) I s shown in  F ig u re
1 .4 °  I f  th e  2 '  h y d ro x y l group  on th e  s u g a r  m o ie ty  i s  r e p la c e d  by 
a  p r o to n ,  th e  s t r u c t u r e  would be t h a t  o f  d e o x y r ib o n u c le ic  a c id  
(DNA), F ig u re  2 . 40  Both a c id s  a re  e s s e n t i a l l y  h lg h - tn o ie c u la r -w e ig h t  
p o ly n u c le o t id e s  made up o f  a c h a in  o f  m o n o n u c leo tid es  l in k e d  th ro u g h  
3 ' ,  5 '  p h o sp h a te  d l e s t e r  l in k a g e s .  T h e ir  m o le c u la r  w e ig h ts  may v a ry  
from  a r e l a t i v e l y  sm a ll v a lu e  ( 104 ) to  one e x c e e d in g  s e v e r a l  
m i l l i o n .
The n u c le i c  a c id  com ponen ts, th e  p u r in e s ,  a r e  th e  f r a c t i o n  o f  
SCP w hich  m ust be removed b e fo re  th e  m ic ro b ia l  p r o t e i n  can  be 
c o n s id e re d  f o r  human co n su m p tio n . T h is  i s  due to  th e  f a c t  t h a t  th e  
p u r in e s  r e s u l t  in  u r i c  a c id  fo rm a tio n  in  man. Shown in  F ig u re  3 41 
1b th e  c a ta b o l is m  o f  p u r in e .  The end p ro d u c t  w i l l  depend upon th e  
an im al s p e c ie s .  The p u r in e  b a se s  g u a n in e  and a d e n in e  a re  m e ta b o liz e d  
in  th e  body to  u r i c  a c id .  M ost mammals p o s s e s s  u r i c a s e ,  an enzyme 
w hich  c o n v e r ts  th e  u r i c  a c id  in to  a l l a n t o i n .  T h is  s o lu b le  
m e ta b o l i te  c a n  th e n  be e a s i l y  e x c r e te d  from  t h e i r  b o d ie s .  Man, 
th e  h ig h e r  p r im a te s  and th e  D alm atlo n  dog la c k  u r i c a s e .  They m ust 
t h e r e f o r e  e x c r e te  u r i c  a c id  from  t h e i r  sy s te m s . H ow ever, th e  
monosodium s a l t  o f  u r i c  a c id  i s  o n ly  s p a r in g ly  s o lu b le  a t  th e  pH o f  
th e  b lo o d  and i t  te n d s  to  d e p o s i t  a s  c r y s t a l s  i n  th e  jo in t s *  T h is  
c o n d i t io n  i s  a n a lo g o u s  to  g o u t .  S to n e s  may a l s o  form  i n  th e  k id n e y s  
and b la d d e r .
B ecause o f  th e  d i f f e r e n c e  in  p u r in e  m e ta b o lism  i n  man and 
a n im a ls ,  SCP c an  p ro b a b ly  be  u sed  a s  an im a l fo o d  su p p lem en ts  w ith
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l i t t l e  o r  no r e g a r d  to  th e  n u c le i c  a c id  c o n te n t .  E x te n s iv e  fe e d in g  
s tu d ie s  h av e  b een  co n d u c ted  w ith  a n im a ls  to  d e te rm in e  th e  n u t r i t i v e  
v a lu e  and p o s s ib le  to x ic  e f f e c t s  o f  SCP. B raude42 i n  19k2 c i t e d  
113 p a p e rs  i n  a re v ie w  o f  th e  u se  o f  y e a s t  a s  fo d d e r  f o r  c a t t l e .  
S u re 43 fe d  b r e w e r 's  y e a s t  to  r a t s  a t  up to  ItO p e r c e n t  o f  t h e i r  
d i e t  and o b se rv e d  t h a t  g ro w th , r e p r o d u c t io n ,  and l a c t a t i o n  in  
th r e e  c o n s e c u t iv e  g e n e r a t io n s  w ere  co m parab le  to  th o s e  o b ta in e d  from  
a d i e t  o f  15 p e r c e n t  c a s e in .  K ih lb e rg 3 in  a r e c e n t  re v ie w  c i t e s  
num erous fe e d in g  s tu d i e s  w ith  r a t s ,  c h ic k e n s ,  and p ig s .  The r e s u l t s  
o f  th e s e  fe e d in g  s tu d ie s  m ust be  v iew ed  w ith  some c a u t io n  in  l i g h t  
o f  r e c e n t  d i s c l o s u r e s  o f  SCP p r o c e s s in g  e f f e c t s  on u t i l i z a t i o n  o f  
p r o t e in  by th e  t e s t  a n im a ls . F ra g m e n ta tio n  o f  th e  c e l l  membrane o f 
b a c t e r i a  en h ances th e  d i g e s t i b i l i t y  o f  i t s  p r o t e in  i n  fe e d in g  
s tu d ie s  w i th  r a t s . 44 The c e l l  w a l l s  o f  B a c i l lu s  m egaterium  w ere 
d i s i n t e g r a t e d  w ith  a M an ton -G au lin  h o m o g en ize r. In  a two week s tu d y  
i n  w h ich  th e  c e l l s  w ere  th e  o n ly  s o u rc e  o f  p r o t e in  f o r  th e  r a t s ,  
th e r e  was a s t a t i s t i c a l l y  s i g n i f i c a n t  In c re a s e  in  p r o t e i n  
d i g e s t i b i l i t y ,  n e t  p r o t e i n  u t i l i z a t i o n  and t o t a l  body l i p id ,  in  
a n im a ls  f e d  b ro k en  c e l l s  com pared w i th  th e s e  fe d  w hole  c e l l s .  A 
p re v io u s  s tu d y 45 h ad  in d ic a te d  th e  ab sen ce  o f  any s h o r t  o r  long  
te rm  to x ic  e f f e c t  to  r a t s  from  fe e d in g  B. m egaterium  a s  20 p e rc e n t  
o f  t h e i r  d i e t s .  The o n ly  p re v io u s  n u t r i t i o n a l  s tu d y  u s in g  d is ru p te d  
c e l l s  was done on u l t r a s o n i c a l l y  t r e a t e d  E . c o l i  i n  1957*40 A 
p r e l im in a r y  n u t r i t i o n a l  e v a lu a t io n  o f  C ellu lom onas and  A c a lig e n e s  
h a s  b een  c o n d u c te d  on r a t s  by M cKnight and Wood.47  The r e s u l t s  
w ere  in c o n c lu s iv e  due to  th e  h ig h  c o n c e n t r a t io n  o f  im p u r i t i e s
p r e s e n t  in  th e  c u l tu r e s  u sed  b u t  no to x ic  e f f e c t s  w ere n o te d . 
R obbins e t  a l , .40  have shown t h a t  p r o te in  e x t r a c te d  from  b a i te r 's  
y e a s t  and th e  n u c le ic  a c id s  e n z y m a tic a l ly  removed h as  a n u t r i t i v e  
v a lu e  n e a r ly  e q u a l to  t h a t  o f  c a s e in .
Thus f a r  th e r e  have n o t  been  any r e p o r t s  on lo n g  te rm  fe e d in g  
s tu d i e s  o f  SCP on human v o lu n te e r s .  The P r o t e i n  A d v iso ry  Group o f 
th e  U n ite d  N a tio n s  recommends a fe e d in g  s tu d y  2 y e a r s  in  d u r a t io n  
f o r  SCP in te n d e d  f o r  human c o n su m p tio n .49 T here  w e re , how ever, 
s e v e r a l  s t u d i e s ,  m entioned  e a r l i e r ,  on r a t s  fe d  SCP o v e r  s e v e r a l  
g e n e r a t io n s  w i th  no a p p a re n t  to x ic  e f f e c t s .  U n fo r tu n a te ly  th e  r a t  
i s  n o t  n e c e s s a r i l y  th e  b e s t  an im al f o r  su ch  s tu d ie s  s in c e  i t  does 
n o t  d ev e lo p  k id n e y  s to n e s  upon lo n g - te rm  fe e d in g  o f  h ig ih -p u rin e  
d i e t s .  The o n ly  f r e q u e n t ly  i n j e s t e d  fo o d  by  man t h a t  does c o n ta in  
a h ig h  n u c le ic  a c id  c o n te n t  i s  f i s h  r o e .  T here  a r e  to  d a te  no 
lo n g  te rm  fe e d in g  s t u d i e s ,  human o r  o th e r w is e ,  u s in g  c a v ia r  a s  th e  
s o le  p r o t e in  s o u rc e  in  th e  d i e t  n o r i s  one e v e r  l i k e l y .  S in c e  i t  
i s  e v id e n t  from  s h o r t  te rm  fe e d in g  s tu d i e s  t h a t  u r i c  a c id  b u i ld  up 
c an  o c c u r  in  humans from  a SCP d i e t ,  a  s i g n i f i c a n t  r e d u c t io n  i n  
i t s  n u c le i c  a c id  c o n te n t  i s  r e q u i r e d  b e fo re  t h i s  p r o t e i n  so u rc e  can  
be u t i l i z e d  e x te n s iv e ly  i n  human d i e t  su p p le m e n ts .
so
E. Reduction of Nucleic Acid Content In SCP
The p rob lem  o f  r e d u c in g  th e  n u c le ic  a c id  c o n te n t  in  SCP h a s  
b een  one o f  re d u c in g  th e  m o le c u la r  w e ig h ts  o f  th e  n u c le ic  a c id s  and 
th e n  rem oving  th e s e  low m o le c u la r  w e ig h t com ponents from  th e  now 
c o m p a ra tiv e ly  h ig h  m o le c u la r  w e ig h t p r o t e i n s .  T h is  p ro c e d u re  h a s  
b e en  acco m p lish ed  in  a  v a r i e t y  o f  m anners.
I n i t i a l  e f f o r t s  by  C h a rg a f f  e t  a l . 5°  i n  1950 , d e m o n s tra ted  t h a t  
s im p ly  h e a t i n g  g ro u n d , d e f a t t e d  y e a s t  in  10 p e r c e n t  sodium  c h lo r id e  
f o r  30 m in u te s  a t  90°C removed th e  n u c le ic  a c id s .  W hile  s tu d y in g  
th e  e f f e c t s  o f  th e rm a l s t r e s s  on A e ro b a c te r  a e ro g en e s  in  aqueous 
s u s p e n s io n s ,  S tra n g e  and Shon51 o b se rv ed  t h a t  a 2b  p e r c e n t  RNA lo s s  
o c c u r re d  th ro u g h  th e  c e l l  w a l l  a f t e r  h e a t in g  th e  b a c t e r i a  a t  
f o r  one h o u r .  T h is  e f f e c t  was d ep en d en t upon th e  n a tu r e  o f  th e  
g row th  medium, th e  c o m p o s itio n  o f  th e  l i q u i d  u sed  to  w ash and 
re su sp e n d  th e  b a c t e r i a ,  th e  b a c t e r i a l  grow th  p h a s e , th e  b a c t e r i a l  
c o n c e n t r a t io n  in  th e  h e a te d  s u s p e n s io n s ,  th e  pH v a lu e ,  and th e  
c o m p o s itio n  o f  th e  d i l u e n t  in  w hich  b a c t e r i a  w ere  h e a te d .  A llw ood 
and R u s s e l lS2 a l s o  in v e s t i g a t e d  th e rm a lly  in d u ced  RNA d e g ra d a t io n  
in  i n t a c t  c e l l s  o f  S ta p h y lo c o c c u s  a u r e u s . The e f f e c t  o f  te m p e ra tu re s  
o f  50° and 60°C on lo g -p h a s e  and s ta t io n a r y - p h a s e  c e l l  su sp e n s io n s  
w as e v a lu a te d ;  g r e a t e r  RNA d e g ra d a t io n  and le a k a g e  th ro u g h  th e  
c e l l  w a l l s  o c c u rre d  a t  50°C . A f t e r  h e a t in g  a  c e l l  s u sp e n s io n  f o r  
b  h o u rs  a t  50°C, 70 p e r c e n t  o f  th e  RNA was l o s t .  F u r th e r ,  th e  
c o m p o s itio n  o f  th e  s u s p e n s io n  m edia had a d e f i n i t e  e f f e c t  on th e  
r a t e  o f  RNA d e g r a d a t io n .  I n  1970 , Maul _et jal^.5 3 *54 d ev e lo p ed  a 
new p ro c e s s  f o r  r e d u c in g  th e  n u c le i c  a c id  c o n te n t  o f  y e a s t .  The
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p ro c e s s  c o n s is te d  o f  a h e a t  sh o ck in g  s t e p ,  to  a c t i v a t e  endogenous 
r lb o n u c le a s e s  p r e s e n t  In  th e  y e a s t  c e l l s ,  and a second h e a t in g  s te p  
to  com ple te  th e  RNA d e g ra d a tio n  and a llo w  th e  h y d ro ly s is  p ro d u c ts  
to  le a k  from  th e  c e l l .  The n u c le ic  a c id  c o n te n t  o f  C andida u t i l i s  
was red u ced  from  J  p e rc e n t  to  1 .0  to  1 .5  p e rc e n t  by th e  p ro c e s s . 
O m ission o f  th e  h e a t- s h o c k in g  r e s u l t e d  In  on ly  a 10 p e rc e n t  
r e d u c t io n  in  n u c le ic  a c id  c o n te n t  compared to  an  80 to  85 p e rc e n t  
r e d u c t io n  under o p tim a l h e a t- s h o c k in g  c o n d i t io n s ,  i . e .  h e a t- sh o c k in g  
a t  68 °C f o r  5 to  6 seconds fo llo w e d  by a 2 h o u r in c u b a t io n  a t  
52 .5°C  a t  pH = 4 .0 .  C e l l  hom ogenates w ere r e p o r te d  to  behave 
d i f f e r e n t l y  from  i n t a c t  c e l l s  in  two r e s p e c t s :  no h e a t- s h o c k  was
n e c e s sa ry  f o r  i n i t i a t i o n  o f  RNA h y d r o ly s is  and th e  h y d ro ly s is  
o c c u rre d  much more r a p id ly  in  hom ogenates (co m p le te  in  10 to  15 
m inu tes  in  c o n t r a s t  to  1 .5  to  2 h o u rs  in  w hole c e l l s ) .  Canepa 
e t _al. 55 i n v e s t ig a te d  th e  u se  o f  h e a t- sh o c k in g  on Saccharom yces 
c e r e v is a e . Only a m oderate  r e d u c t io n  in  th e  n u c le ic  a c id  c o n te n t  
was o b ta in e d  a t  pH s  4 .0 .  When th e  y e a s t  c e l l s  w ere f i r s t  
suspended  in  a Na2  HP04 s o lu t io n  a t  pH 's  ra n g in g  from  8 -1 2  and 
th e n  h e a te d ,  e x c e l l e n t  r e s u l t s  w ere  o b ta in e d . The n u c le ic  a c id  
c o n te n t  was red u ced  to  a p p ro x im a te ly  2 p e rc e n t  o f  th e  re c o v e re d  
y e a s t  p r o t e in .  Imada _et . a l . 56 w ork ing  w ith  C andida l i p o l y t i c s  
d eg rad ed  9 2 .3  p e rc e n t  o f  i t s  n u c le i c  a c id  c o n te n t  u s in g  h e a t -  
sh o ck in g  w h ile  o n ly  39*4 p e rc e n t  was degraded  w ith o u t h e a t- s h o c k in g . 
B ovine p a n c r e a t ic  r ib o n u c le a s e  A was u sed  by C a s tro  e t _ a l . S7 to  
re d u c e  th e  n u c le i c  a c id  c o n te n t  o f  y e a s t  c e l l s  w ith  no co n co m itan t 
lo s s  o f  p r o te in .  I t  was n e c e s s a ry  f o r  th e  C andida u t l l i s  c e l l s  to
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be h e a t- s h o c k e d  b e fo re  tr e a tm e n t  w ith  th e  r ib o n u c le a s e  A f o r  th e  
p ro c e s s  to  be s u c c e s s f u l .  A f te r  h e a t- s h o c k in g  a t  80°C f o r  30 
s e c o n d s , th e  maximum le a k a g e  o f  n u c le i c  a c id  was o b se rv ed  when th e  
in c u b a t io n  te m p e ra tu re  was betw een  55 and 650C, th e  pH o f  th e  
sy stem  from  6 .7 5  t0  8 -0 , and th e  e n z y m e - to -c e l l  r a t i o  1 : 10 ,000  on 
a w e ig h t-b y -w e ig h t b a s i s .  O th e r f a c t o r s ,  such  a s  y e a s t  s t r a i n ,  
age o f  c e l l s ,  and m ethod o f  p ro p a g a t io n ,  d id  n o t  in f lu e n c e  th e  
s u s c e p t i b i l i t y  o f  th e  y e a s t  c e l l s  to  th e  a c t i o n  o f  th e  exogenous 
r ib o n u c le a s e .
H edenskog and E b b in g h au s58 h av e  s u g g e s te d  a p ro c e s s  f o r  th e  
p ro d u c tio n  o f  SCP c o n c e n t r a te s  low i n  n u c le i c  a c id  c o n te n t  from  
d i s i n t e g r a t e d  y e a s t  and m ic ro a lg a e  c e l l s .  Hom ogenized c e l l  
su sp e n s io n s  w ere  e x t r a c te d  a t  an  a l k a l i n e  pH, th e  p r e c i p i t a t i o n  
o f  th e  y e a s t  p r o t e in  by h e a t in g  gave a p r o t e i n  c o n c e n t r a te  w i th  a 
low c o n te n t  o f  RNA. A s l i g h t l y  lo w er ENA c o n te n t  was o b ta in e d  when 
th e  p r e c i p i t a t i o n  was p e rfo rm ed  in  th e  p re s e n c e  o f  sodium  c h lo r id e .  
The y i e ld  o f  amino a c id  n i t r o g e n  was 7O -8O p e r c e n t  and th e  RNA 
c o n te n t  was 1 -2  p e r c e n t .  H edenskog and Mogren59 c o n tin u e d  t h i s  
s tu d y  w ith  th e  g o a l o f  p ro d u c in g  a SCP c o n c e n t r a te  on a la r g e  
s c a l e .  The r e s u l t s  on p r o t e i n  y i e ld  and RNA r e d u c t io n  was s im i l a r  
to  t h e i r  p re v io u s  w ork . The o rg an ism s u sed  w ere  f r e s h  b a k e r s ' 
and b re w e r s ' y e a s t .
S u ch er £ t  _al^60 h av e  r e c e n t l y  r e p o r te d  an  e l e g a n t  m ethod f o r  
th e  RNA r e d u c t io n  i n  p r o t e i n  c o n c e n tr a te s  p ro d u ced  from  b a k e r s ' 
y e a s t .  The p ro c e d u re  was d ev e lo p ed  f o r  i n d u s t r i a l  s c a l e  p ro d u c t io n .  
The pH o f  hom ogenized y e a s t  c e l l s  was a d ju s te d  to  8 .5  t o  1 0 .5  w ith
sodium  h y d ro x id e . T h is  s o lu t io n  was c e n tr i fu g e d  to  remove c e l l  
com ponents and th e  pH o f  th e  p r o te in  e x t r a c t  a d ju s te d  to  5 .0  to  7 .0  
w ith  h y d ro c h lo r ic  a c id .  T h is  s o lu t io n  was th e n  In c u b a ted  f o r  a 
p e r io d  o f  0 .5  to  2  h o u rs  a t  te m p e ra tu re s  in  th e  ra n g e  o f  30~65°C. 
T h is in c u b a t io n  a llo w ed  th e  y e a s t  r lb o n u c le a s e s  to  a c t  upon th e  
RNA, th e re b y  re d u c in g  th e  n u c le ic  a c id  c o n te n t  o f  th e  f i n a l  p r o te in  
p ro d u c t .  The p r o te in  became in s o lu b le  as  th e  n u c le a s e  r e a c t io n  
p roceeded  f a c i l i t a t i n g  s e p a r a t io n  o f  th e  p r o te in  from  th e  rem a in in g  
s o lu b le s .  One o f  th e  SCP p ro d u c ts  o b ta in e d  had  a p r o te in  c o n te n t  
o f  75 p e rc e n t  and a n u c le ic  a c id  c o n te n t  o f  l e s s  th a n  1 p e rc e n t .
A n o th er method to  red u ce  th e  n u c le ic  a c id  c o n te n t  o f  SCP 
would be th ro u g h  th e  u se  o f  a m ild  a c id  t r e a tm e n t .  E x t r a c t io n  o f  
RNA from  p r o t e in  by a d i l u t e  a c id  s o lu t io n  i s  a w e ll  known 
te c h n iq u e .®1 The u se  o f  an  a c id  tre a tm e n t would have th e  ad v an tag e  
th a t  th e  DNA c o n te n t  o f  th e  SCP c o u ld  a ls o  be re d u c e d . DNA i s  
e x tre m e ly  s t a b l e  to  a m ild  a lk a l in e  t r e a tm e n t .  H ow ever, th e  p u r in e -  
g ly c o s ld ic  lin k a g e s  in  DNA a re  l a b i l e  in  d i l u t e  a c id .  C h a rg a ff  
e t  a l . 6g have shown t h a t  th e  rem oval o f  a l l  o f  th e  p u r in e s  from  
DNA can  be e f f e c te d  by tre a tm e n t a t  pH 1 .6  and 37°C f o r  2^ h o u rs . 
S in ce  th e  p u r in e s  a r e  p re c u rs o r s  to  u r i c  a c id  fo rm a tio n , m ild  a c id  
h y d ro ly s is  o f  SCP sh o u ld  red u ce  th e  to x ic  com ponents o f  th e  n u c le ic  
a c id s .
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F. C e l l  Recovery
The l i t e r a t u r e  on h a r v e s t in g  m ic ro b ia l  c e l l s  f o r  u se  as  SCP 
i s  v e ry  l im i t e d .  T h is  i s  a v e ry  r e c e n t  a re a  o f  r e s e a rc h  and much 
rem ains to  be i n v e s t ig a te d .  A c o n s id e ra b le  amount o f  r e s e a rc h  has 
been  done on th e  ch em ica l t re a tm e n t o f co n tam in a ted  w a te r  such  as 
sewage and I n d u s t r i a l  w a s te s ,  how ever, i t  i s  u n l ik e ly  t h a t  th e se  
h a rs h  te c h n iq u e s  a re  a p p l ic a b le  to  SCF u se . Freeman83 in  a rev iew  
( 196 -̂) a r t i c l e  on s e p a r a t io n  o f  m ic ro b ia l  c e l l s  from  f l u i d s  s t a t e s  
th e  problem s commonly e n co u n te re d  and some p o s s ib le  s o lu t io n s .  The 
h a r v e s t in g  m ethods d is c u s s e d  a r e  f r o th  f l o t a t i o n ,  f i l t r a t i o n ,  sp ray  
d ry in g , c e n t r i f u g a t i o n ,  and f l o c c u la t i o n .
F i l t r a t i o n  i s  n o t  w id e ly  u sed  due to  th e  slow  flow  r a t e s  
o b ta in e d  w ith  m ic ro b ia l  s u s p e n s io n s . T h is p rob lem  can be m inim ized 
by th e  use  o f  a f i l t e r  a id  and some ty p e  o f  m echan ica l d e v ic e  to  
s c ra p e  th e  s u r f a c e  o f  th e  f i l t e r  a id  to  p re v e n t p r o h ib i t i v e l y  slow 
f i l t r a t i o n  r a t e s .
Spray  d ry in g  h a s  th e  ad v an tag e  th a t  th e  v ita m in  c o n te n t  o f  
th e  p ro d u c t i s  u s u a l ly  h ig h .  However, a h ig h  te m p e ra tu re  sp ra y  
d ry e r  may r e s u l t  in  a p ro d u c t o f a l t e r e d  d i g e s t i b i l i t y .  P ro d u c ts  
o b ta in e d  by s p ra y  d ry in g  u s u a l ly  h av e  an  u n d e s ir a b ly  h ig h  s a l t  
c o n c e n t r a t io n .  Khian and Lynch64 used  a sp ra y  d ry e r  u n d e r v e ry  
m ild  c o n d it io n s  to  o b ta in  a d ry  p ro d u c t from  a 10 p e rc e n t  c e l l  
s u sp e n s io n . The la c k  o f  a h ig h  te m p e ra tu re  d ry in g  p ro c e ss  was 
e v id e n t  by th e  v i a b i l i t y  o f  th e  p ro d u c t.
E n g in e e rin g  f a c to r s  in  SCP p ro d u c t io n ,  p a r t i c u l a r l y  f l u i d  
p r o p e r t i e s  and c o n c e n tr a t io n  o f  y e a s t  by e v a p o ra tio n  a re  d is c u s s e d
by Labuza e t  a l . 05 T h is  was th e  f i r s t  in  a s e r i e s  o f in v e s t ig a t io n s  
t h a t  w ere to  d e te rm in e  p ro c e s s in g  f a c to r s  n e c e s sa ry  to  p ro d u ce  a 
u s e f u l  human food  from  y e a s t .  I t  was in d ic a te d  th a t  e v a p o ra t iv e  
vacuum c o n c e n tr a t io n  can  be u sed  s u c c e s s f u l ly  to  produce a fe e d  
w ith  a c o n c e n tr a t io n  o f  s o l id s  in  a ran g e  t h a t  f i n a l  p ro c e s s in g  
c o u ld  be done e co n o m ica lly  by sp ra y  o r  drum d ry in g . Labuza 
_et _ a l.08 in  a c o n t in u a t io n  o f  th e  above in v e s t ig a te d  how s p ra y  
d ry in g  e f f e c te d  c e l l  v i a b i l i t y  s in c e  SCP p ro d u c ts  shou ld  c o n ta in  
no l i v in g  c e l l s . 07
C e n t r i f u g a t io n  i s  p ro b a b ly  th e  m ost commonly used te c h n iq u e . 
I t s  e f f e c t iv e n e s s  w i l l  depend upon th e  s i z e  o f  th e  m ic ro b e , w hich 
can  c o n s ta n t ly  v a ry  w ith  c u l tu r e  a g e . The mean c e l l  volume 
in c re a s e s  d u rin g  th e  la g  p e r io d  grow th and re a c h e s  a maximum b e fo re  
m u l t i p l i c a t i o n  o c c u rs .  I t  d im in ish e s  d u rin g  th e  lo g a r i th m ic  phase  
o f  r a p id  m u l t i p l i c a t i o n  and re a c h e s  a maximum a g a in  when th e  
c u l tu r e  s to p s  g row ing . The r a t i o  betw een m inim al and maximal c e l l  
s i z e  can  v a ry  from  1 :3  to  a c c o rd in g  to  th e  s p e c ie s  in v o lv e d . 
W ith o u t c o a g u la t io n ,  c e n t r i f u g a t io n  becomes p r o h ib i t iv e ly  e x p e n s iv e .
I n  a d is c u s s io n  on th e  grow th o f  m ic ro b ia l  c e l l s  on h y d ro ­
c a rb o n s , Johnson08 s t a t e s  t h a t  th e  h a r v e s t in g  o f  b a c te r ia  by 
c e n t r i f u g a t io n  w ould be v e ry  d i f f i c u l t  as  compared to  y e a s t ,  A 
b a c te r iu m  ( l  m icron  in  d ia m e te r )  sed im en ts  23 tim es more s lo w ly  
in  a c e n t r i f u g a l  f i e l d  th a n  a y e a s t  c e l l  (3 m icrons in  d ia m e te r ) .  
T h e re fo re  c e n t r i f u g a l  h a r v e s t in g  o f  b a c t e r i a  would be v e ry  ex p en s iv e  
u n le s s  a n o th e r  h a r v e s t in g  p ro c e d u re  can  be em ployed.
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Wang69 in  1968  a l s o  rev iew s  c e l l  re c o v e ry  and s t a t e s  t h a t  
l a r g e - s c a l e  c e l l  r e c o v e ry  i s  s t i l l  one o f  th e  p rob lem s a s s o c ia te d  
w ith  th e  p ro d u c tio n  o f  SCP th a t  h a s  r e c e iv e d  l i t t l e  d e t a i l e d  s tu d y . 
U sing  a c e n t r i f u g a t i o n  scheme to  r e c o v e r  c e l l s ,  he  n o te s  t h a t  th e  
c o s t  o f  c e l l  r e c o v e ry  c o u ld  be 5 tim e s  as  h ig h  f o r  a sm a ll o rg an ism  
such  a s  a b a c te r iu m  a s  compared to  y e a s t  c e l l s ,  m aking c e n t r i f u g a t i o n  
p r o h i b i t i v e l y  h ig h  f o r  b a c t e r i a .  The u se  o f  f l o c c u l a t i n g  a g e n ts  i s  
su g g e s te d  to  overcom e t h i s  p rob lem .
Nakamura70 i n  I 9 6 I  r e p o r te d  th e  f i r s t  com prehensive  s tu d y  on 
c h em ica l s e p a r a t io n  m ethods f o r  re c o v e ry  o f  m ic ro b es  from  c u l t u r e  
m ed ia . H is  s tu d y  in c lu d e d  y e a s t s ,  b a c t e r i a ,  and m ic ro a lg a e . T h is  
r e s e a r c h  le d  to  a p ro p o sed  m echanism  f o r  th e  c o a g u la t io n  o f  
m ic ro b ia l  s u s p e n s io n s .  D uring g ro w th  each  c e l l  i s  d is p e r s e d  and 
i s  e l e c t r i c a l l y  n e g a t iv e  in  c h a rg e  c a u s in g  m ic ro b es  m u tu a lly  to  
r e p e l  each  o th e r .  I n  o rd e r  to  c o a g u la te  and p r e c i p i t a t e  m ic ro b es  
c h e m ic a l ly ,  i t  becom es n e c e s sa ry  to  a p p ly  e l e c t r o l y t e s  to  
n e u t r a l i z e  th e  n e g a t iv e  ch a rg es  on th e  c e l l s .  U n fo r tu n a te ly  m ost 
m ic r o b ia l  su sp e n s io n s  a r e  c o m p lic a te d  h y d r o p h i l ic  c o l l o i d s ,  and 
n e u t r a l i z a t i o n  o f  th e  e l e c t r i c  c h a rg e  a lo n e  w i l l  n o t  e f f e c t  a m arked 
p r e c i p i t a t i o n .  S in c e  th e  a f f i n i t y  o f  m icrobes f o r  w a te r  i s  v e ry  
s t r o n g ,  a  s t a b i l i z i n g  h y d ra t io n  l a y e r  su rro u n d s  each  c e l l .  F o r t h i s  
r e a s o n ,  i t  becomes n e c e s s a ry  to  a p p ly  tw o -s ta g e  p re c e s s in g  m ethods 
in  o r d e r  to  o b se rv e  c o a g u la t io n  and  p r e c i p i t a t i o n  in  a m ic ro b ia l  
s u s p e n s io n . The f i r s t  s ta g e  rem oves th e  h y d r a t io n  la y e r  and th e  
seco n d  n e u t r a l i z e s  th e  e l e c t r i c  c h a r g e s .  The p ro c e s s  may be 
p e rfo rm ed  in  th e  r e v e r s e  m anner, f i r s t  by n e u t r a l i z i n g  th e  e l e c t r i c
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c h a rg es  and se c o n d ly  by rem oving  Che h y d ra t io n  l a y e r .  When s t r o n g  
c a t i o n i c  a g e n ts  a re  added to  m ic ro b e s , th ey  im m ed ia te ly  lo s e  t h e i r  
ch a rg e  and c o a g u la te  fo rm ing  a  s t ro n g  a b s o rp t io n  f i lm .
P r e c i p i t a t i o n  o f  c e l l s  by h y d r o p h i l ic  c o l lo id s  co u ld  be an 
e f f i c i e n t  m ethod o f  s e p a r a t in g  m icroo rgan ism s from  aqueous 
s u sp e n s io n s . McGregor and F in n 71 have in v e s t ig a te d  th e  f a c to r s  
a f f e c t i n g  th e  f l o c c u la t i o n  o f  b a c t e r i a  by ch em ica l a d d i t iv e s .  They 
co ncluded  t h a t  th e  mechanism o f  f l o c c u la t i o n  i s  h ig h ly  com plex, 
w ith  such  i n t e r a c t i n g  v a r i a b le s  as  te m p e ra tu re , io n ic  en v iro n m en t, 
p h y s io lo g ic a l  a g e , f l o c c u l a n t ,  b a c t e r i a l  g e n u s , and s u r fa c e  s h e a r  
c o n t r ib u t in g  to  th e  f l o c c u la t i o n  p ro c e s s .  E x p erim en ts  w ith  w ashed 
c e l l s  in d ic a te d  t h a t  many o f th e  v a r i a b le s  a re  r e l a t e d  to  th e  
r e l e a s e  by th e  c e l l  o f  p r o t e i n s ,  n u c le ic  a c id s ,  o r  p o ly s a c c h a r id e s .  
When r e l e a s e d ,  th e s e  polym ers may in c re a s e  th e  r e q u i r e d  dosage o f  
f lo c c u la n t  f o r  re c o v e ry  as  in  th e  c a s e  o f  II. c o l l ,  o r  th e  dosage 
may d e c re a se  as  i t  does f o r  L a c to b a c i l lu s . T h is w ork was a ls o  
c a r r i e d  o u t on washed c e l l s  u s in g  a c a t i o n ic  po lyam lne as  th e  
p r in c ip l e  f l o c c u la n t .  Washed c e l l s  w ere u sed  to  a v e r t  th e  need  f o r  
much l a r g e r  do sag es  o f  f l o c c u la n t  r e q u ire d  when th e  c e l l s  w ere 
f lo c c u la t e d  from  th e  grow th m edia. I t  was a l s o  n o te d  th a t  d iv a le n t  
c a t i o n s ,  e s p e c ia l l y  m agnesium , a c te d  as  f lo c c u la n t  a id s .  A 
mechanism o f  c e l l  f l o c c u la t i o n  t h a t  c o n s is te d  o f  b o th  a ch arg e  
n e u t r a l i z a t i o n  and a b r id g in g  e f f e c t  was p o s tu la te d  from  th e  d a ta  
o b ta in e d .
I n  1970 Wang and G asner72  u sed  fe rm e n ta t io n  b ro th s  o f  
a c t i v e ly  grow ing C andida in te rm e d ia  to  e v a lu a te  th e  e f f e c t iv e n e s s
o f  f i f t y  com m ercial f l o c c u l a t i n g  a d d i t iv e s  a t  d i f f e r e n t  d o sag es  and 
pH v a lu e s  f o r  m ic ro b ia l  c e l l  re c o v e ry  enhancem ent. C e r ta in  s t ro n g  
a n io n ic  and s t r o n g  c a t i o n i c  p o l y e l e c t r o l y t e s  and m in e ra l  h y d ro -  
c o l l o i d s  w ere found  to  be  m ost e f f e c t i v e  in  t h e i r  enhancem ent o f  
s e t t l i n g  r a t e s .  R e fe re n c e  la  made to  th e  w ork by McGregor and 
F in n 73, In  w h ich  th e  m ic ro b ia l  c e l l s  w ere r e p e a te d ly  w ashed and 
re su sp e n d e d  in  b u f f e r .  S in c e  t h i s  le a d s  to  damage o f  th e  c e l l  
w a l l s  and c o n se q u e n t le a k a g e ,  r e s u l t s  from  e x p e r im e n ts  o f  t h i s  ty p e  
m ig h t le a d  to  e r ro n e o u s  c o n c lu s io n s .
A model f o r  f l o c c u l a t i n g  a d d i t iv e  a c t i v i t y  was fo rm u la te d  
from  th e  e x p e r im e n ta l  d a ta  o b ta in e d .  A lth o u g h  th e  m ic ro b ia l  c e l l  
s u r f a c e  i s  a h ig h ly  h y d r a te d ,  io n ic  s u r f a c e  w ith  an  e x c e ss  o f  
a n io n ic  c h a rg e  s i t e s ,  th e  a c t u a l  s u r f a c e  e n c o u n te re d  by  a 
f l o c c u l a t i n g  a d d i t i v e  i s  d ep en d en t upon a d so rb ed  m a t e r i a l s .  The 
e x c e s s  c a t io n s  and c a t i o n i c  m acrom olecu les  in  th e  f e rm e n ta t io n  
m edia can  a d so rb  on th e  c e l l  s u r f a c e  and le n d  a c a t i o n i c  c h a r a c t e r  
to  i t .  H y d ro carb o n  a d s o r p t io n  g iv e s  a non p o la r  c h a r a c te r  to  th e  
s u r f a c e .  The f l o c c u l a t i n g  a d d i t i v e  m ust th e n  be  a b le  to  i n t e r a c t  
o r  com pete w i th  th e  a d so rb ed  m a te r ia l  w i th  r e s p e c t  to  c h a rg e  d e n s i ty  
and m u tu a l s o l u b i l i t y .  S e d im e n ta tio n  r a t e s  w ere  in c re a s e d  by 
s e v e r a l  h u n d red  f o ld  and o v e r  99  p e r c e n t  re c o v e ry  o f  m ic ro b ia l  c e l l s  
w ere o b ta in e d  th ro u g h  th e  u s e  o f  f l o c c u la n t s  t h a t  w ere  added in  a 
c o n c e n t r a t io n  o f  up to  0 . 2 g f l o c c u l a n t  to  gram o f  c e l l s  f l o c c u l a t e d .  
F o r com m ercia l u se  h ig h  c o n c e n t r a t io n s  o f  f l o c c u l a t e  such  a s  t h i s  
w ould be  im p r a c t i c a l .
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An e a r l y  s tu d y  o f  th e  s t a b i l i t y  o f  b a c t e r i a l  su sp e n s io n s  by 
N orthop  and D eK ru if73  r e v e a le d  t h a t  th e  a d d i t io n  o f  p r o te in s  to  
su sp e n s io n s  o f  b a c t e r i a  w idens th e  a c id  a g g lu t in a t io n  zone and 
s h i f t s  th e  i s o e l e c t r i c  p o in t  o f  th e  m ix tu re  to  t h a t  o f  th e  added 
p r o t e i n .  U sing  th e  b a c i l l u s  o f  r a b b i t  s e p t i c e m ia ,  i t  w as.show n t h a t  
th e  a d d i t io n  o f  l e s s  th a n  1 p e r c e n t .o f  egg  a lbum in  to  th e  c u l t u r e  
m edia s h i f t e d  th e  i s o e l e c t r i c  p o in t  to  a pH o f  5*0 w hich  i s  a p p ro x i­
m a te ly  t h a t  o f  egg a lb u m in . The same e f f e c t  was shown f o r  g lo b in  
w ith  th e  r e s u l t a n t  i s o e l e c t r i c  p o in t  s h i f t e d  to  pH “  6 . 5 . I t  was 
a l s o  n o te d  t h a t  th e  amount o f  p r o t e i n  r e q u i r e d  to  a g g lu t in a te  th e  
b a c t e r i a  was much l e s s  n e a r  th e  a c id  a g g l u t i n a t i o n  p o in t  o f  th e  
o rg a n ism s . E g g e rth  and B e llo w s74 r e p o r te d  s i m i l a r  f in d in g s  in  t h e i r  
s tu d y  o f  th e  f l o c c u l a t i o n  o f  b a c t e r i a  by p r o t e i n s .  The dependence 
o f  th e  p r e c i p i t a t i o n  ra n g e  o f  p r o t e in  t r e a t e d  b a c t e r i a  to  th e  
i s o e l e c t r i c  p o in t  o f  th e  p r o t e in  u sed  was found  to  be  in d e p en d e n t 
o f  th e  s a l t  c o n c e n t r a t io n s  o f  th e  s o l u t i o n s .  J o s ly n  and T urboosky75 
r e p o r te d  t h a t  c a s e in  i s  a commonly u sed  f i n i n g  a g e n t in  th e  
p ro d u c t io n  o f  w in e . A p p a re n tly  th e r e  h a s  b e en  no  r e c e n t  r e s e a r c h  
in to  th e  p o s s i b i l i t y  o f  u s in g  p r o te in s  a s  f l o c c u l a t i n g  a g e n ts  in  a 
c e l l  re c o v e ry  p ro c e s s  f o r  SCP p ro d u c t io n .
F ro th  f l o t a t i o n  h a s  b een  u sed  s u c c e s s f u l ly  to  h a r v e s t  some 
m ic r o b ia l  c e l l s , how ever some c e l l s  a r e  in c a p a b le  o f  b e in g  re c o v e re d  
by t h i s  p r o c e s s .  G audin _et j l .̂70  u sed  a f l o t a t i o n  p ro c e s s  f o r  th e  
c o n c e n t r a t io n  o f  E s c h e r ic h ia  c o l i  c e l l s .  E.  c o l i  c e l l s  w ere  r a p id ly  
c o n c e n tr a te d  from  c u l t u r e  medium apd from  w a te r  su sp e n s io n  by f r o t h  
f l o t a t i o n  in  th e  p re s e n c e  o f  sodium  c h l o r i d e .  W ith o u t s a l t  i n  th e
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sy stem  th e  c e l l s  d id  n o t  accu m u la te  i n  th e  f r o t h .  A lthough  
d i f f e r e n t  IS. c o l i  s t r a i n s  re sp o n d ed  d i f f e r e n t l y  to  a  g iv e n  s a l t  
c o n c e n t r a t io n ,  a b o u t 85 p e r c e n t  o f  th e  b a c t e r i a  w ere  c o n c e n tra te d  
i n t o  o n e - s ix th  th e  o r i g i n a l  volum e when th e  s u sp e n s io n s  w ere 
p re p a re d  w ith  2 p e rc e n t  s a l t .  The b a c t e r i a  w ere  r e c o v e re d  more 
e f f i c i e n t l y  when f l o a t e d  from  th e  c u l t u r e  medium th a n  from  w a te r .  
A lm ost 100 p e r c e n t  o f  th e  c e l l s  w ere  c o n c e n tra te d  i n  th e  f r o t h  w ith  
5 -5  p e rc e n t  s a l t .  G audin  _et j j l , 77 e x te n d e d  t h i s  s tu d y  to  o th e r  
in o rg a n ic  s a l t s .  The r e s u l t s  in d ic a te d  th e  f l o t a t i o n  power o f  a 
s e r i e s  o f  c a t i o n s  w a s  r e l a t e d  in  p a r t  to  th e  v a le n c e  and a to m ic  
w e ig h t o f  th e  c a t i o n .
G riev es  and Wang7® e f f e c t i v e l y  u sed  a c a t i o n i c  s u r f a c t a n t  f o r  
th e  foam s e p a r a t io n  o f  E.  c o l i  c e l l s  from  th e  c u l t u r e  m ed ia . I n  an 
e x te n s io n  o f  t h i s  s tu d y ,  s i x  s p e c ie s  o f  b a c t e r i a 78 w ere  s u c c e s s f u l ly  
c o n c e n tr a te d  u s in g  th e  f l o t a t i o n  te c h n iq u e .  In  I 968  K a rg e r and 
D evivoao  p re s e n te d  a g e n e r a l  su rv e y  o f  a d s o r p t iv e  b u b b le  s e p a r a t io n  
p r o c e s s e s .  In c lu d e d  was th e  f l o t a t i o n  o f  m ic ro o rg an ism s w ith  th e  
a d v a n ta g e s  o f  th e  p r o c e s s .  C a s s e l l  e t j i l . 81, d i s c u s s e s  th e  u se  o f  
m i c r o f l o t a t i o n  f o r  c e l l  r e c o v e ry  and s tu d i e s  th e  c o n d i t io n s  t h a t  
c o n t r o l  e f f i c i e n t  m i c r o f l o t a t i o n ,  a lo n g  w ith  th e  e f f e c t s  o f  pH on 
s e v e r a l  s p e c ie s  o f  b a c t e r i a .  H ow ever, b e fo re  f l o t a t i o n ,  th e  
o rg an ism s w ere c e n t r i f u g e d ,  w ashed s e v e r a l  tim es and  th e n  
r e d i s p e r s e d  in  d i s t i l l e d  w a te r .
The c h o ic e  o f  a r e c o v e ry  scheme f o r  m icrobes i n  a SCP p ro c e ss  
w i l l  depend upon many f a c t o r s , p ro b a b ly  th e  m ost im p o r ta n t one w i l l  
be c o s t  m in im iz a tio n . When h a r v e s t in g  c e l l s  from  a c u l t u r e  medium
one I s  d e a l in g  w ith  a 1 -2  p e r c e n t  s o l id s  s o lu t io n  in  w hich th e  
o th e r  99 p e r c e n t  i s  w a s te  w a te r .  The c o s t  o f  rem oving  t h i s  w a te r  
c an  be e x c e e d in g ly  h ig h .  I f  th e  ch o sen  method c o n s i s t s  o f  ad d in g  
a r e a g e n t  to  th e  c u l t u r e  m e d ia , t h i s  a d d i t iv e  m ust e i t h e r  m eet FDA. 
a p p ro v a l o r  be removed l a t e r  in  th e  p r o c e s s in g .  T h e r e f o r e ,  th e  use  
o f  a f l o t a t i o n  o r  f l o c c u l a t i o n  scheme m ust u se  r e a g e n ts  w hich  m eet 
th e  above re q u ire m e n ts .
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G. R esea rch  G oals
The i n i t i a l  g o a l o f  t h i s  r e s e a r c h  was th e  i s o l a t i o n  and 
f a b r i c a t i o n  o f  th e  s in g l e  c e l l  p r o t e i n  d e r iv e d  from  C e llu lo m o n a s . 
The s p e c i f i c  alm s o f  th e  i n v e s t i g a t i o n  w ere :
1 . To d ev e lo p  a  m ethod f o r  th e  re c o v e ry  from  th e  
c u l t u r e  medium th e  m ic ro o rg an ism s p roduced  d u r in g  f e rm e n ta t io n .
The econom ics o f  th e  SCP p ro c e s s  r e q u i r e s  an  in e x p e n s iv e  means 
o f  c e l l  r e c o v e ry .  C hem ical f l o c c u l a t i o n  o f  th e  m ic ro o rg an ism s  
was in v e s t i g a t e d  a s  a  p o s s ib le  r e c o v e ry  p ro c e s s .
2 . To d ev e lo p  te c h n iq u e s  f o r  i s o l a t i n g  and  p u r i f y in g  th e
p r o t e i n  com ponent o f  C e llu lo m o n a s . The a m in o -ac id  c o m p o s itio n  o f  
th e  i s o l a t e d  p r o t e i n  w i l l  b e  d e te rm in e d  to  a s c e r t a i n  th e  e x te n t  
o f  p r o t e i n  f r a c t i o n a t i o n  o c c u r r in g  d u r in g  th e  i s o l a t i o n  p r o c e s s .
3 .  To c h a r a c t e r i z e  th e  p r o t e i n  m ix tu re  I n  teem s o f
/
b u lk  m o le c u la r  p r o p e r t i e s ,  su ch  a s  th e  m o le c u la r  w e ig h t  a v e r a g e s ,  
th e  m o le c u la r  w e ig h t d i s t r i b u t i o n  and  s o l u b i l i t y  p a ra m e te r s .
To f a b r i c a t e  th e  p r o t e i n  i n to  f i b e r s  a n d  f ilm s  f o r  
e v a lu a t io n  i n  t e x tu r e d  fo o d s .
5 . The e v a lu a t io n  o f  a n a l y t i c a l  te c h n iq u e s  n o rm a lly
u sed  f o r  p r o t e i n  a n a ly s i s  f o r  a c c u ra c y  when a n a ly z in g  p r o te in  
sam ples o b ta in e d  from  SCP.
One o f  th e  m a jo r  p rob lem s a s s o c ia te d  w i th  SCP i s  th e  h ig h  
n u c le i c  a c id  c o n te n t  and a  s u b s t a n t i a l  e f f o r t  w as d i r e c t e d  a t  
rem oving  t h i s  com ponent from  th e  SCP i s o l a t e .  S e l e c t i v e  
h y d r o ly s i s ,  b o th  a c id  and a l k a l i n e ,  and  a  h e a t - s h o c k in g  p ro c e s s  
w e re  i n v e s t i g a t e d .
The f i n a l  r e s u l t s  a r e  a  schem e f o r  p r o c e s s in g  SCP grown on 
c e l l u l o s e .  The p ro d u c t  o f  t h i s  p u r i f i c a t i o n  schem e i s  a  l i g h t  
ta n  powder* w ith  no o d o r  o r  t e s t e *  w hich  can  be  in c o r p o r a te d  in to  
a  h ig h  p r o t e i n  food  f o r  p o s s ib le  human co n su m p tio n .
CHAPTER I I  
EXPERIMENTAL
A. R eag en ts
The fo llo w in g  i s  a  l i s t  o f  s p e c i a l  r e a g e n ts  u sed  in  t h i s  
r e s e a r c h .  A l l  o th e r  commonly u sed  r e a g e n ts  w ere  o f  r e a g e n t  g rad e  
and w ere  u sed  a s  r e c e iv e d  from  th e  m a n u fa c tu re r s .
RNA S ta n d a rd :  Y e a s t RNA (C a lb lo c h e m ).
DNA S ta n d a rd :  DNA ex  h e r r in g  sperm  (C a lb lo c h em ).
P r o te in  S ta n d a rd :  C a se in  ( N u t r i t i o n a l  B io c h e m ic a ls  C o rp ).
F o l in - C io c a l te a u  p h en o l r e a g e n t  ( F is h e r  S c i e n t i f i c  C o .) .
S ephadex G-200 (P h arm ac ia  F in e  C h em ica ls , I n c . ) .
P r o te i n  M o lec u la r  W eigh t M arker K it  (Schw arz M ann).
A lco h o l D ehydrogenase  (W o rth in g to n  B io ch em ica l C o r p .) .
C a ta la s e  (Mann R e se a rc h  L a b o r a to r i e s ,  I n c . ) .
B lue  D e x tra n  2000 (P harm acia  F in e  C h em ica ls , I n c . ) .
Amino A cid  S ta n d a rd  C a l ib r a t i o n  M ix tu re  (P ie r c e  C hem ical C o .) .  
H e p ta f lu o r o b u ty r ic  a n h y d rid e  ( P ie r c e  C hem ical C o .) .
S t e r i c  A cid  (Mann R esearch  L a b o r a to r i e s ) .
^ -A la n in e  (E astm an Kodak C o .) .
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B. C ellu lom onas and A lc a llg e n e s  C u ltu re  P ro ced u re
The need f o r  f r e s h  c e l l s  In  some o f  Che e x p e r im e n ta l 
p ro c e d u re s  r e q u ir e d  c u l tu r in g  o f  C e llu lo m o n as . C o lo n ie s  a re  
r o u t i n e ly  c a r r i e d  on s l a n t s  o f  b r a in - h e a r t  in f u s io n  ag ar a t  3k°C 
and a re  t r a n s f e r r e d  w eek ly . A h e a l th y  c u l tu r e  o f  C ellu lom onas can 
be s to re d  in  a r e f r i g e r a t o r  f o r  abou t th r e e  m onths. The c o lo n ie s  
a re  smooth and have a c h a r a c t e r i s t i c  y e llo w  c o lo r .  The m ost 
r e l i a b l e  key to  th e  i d e n t i f i c a t i o n  o f  C ellu lom onas i s  i t s  a b i l i t y  
to  d ig e s t  f i l t e r  p a p e r . Should  a c u l tu r e  f a i l  to  cau se  f i l t e r  
p a p e r d e g ra d a tio n  w i th in  f iv e  d a y s , th e  s l a n t  from  w hich th e  
c u l tu r e  was ta k en  sh o u ld  be d is c a rd e d . Only a c t i v e ,  r e l i a b l e  
c u l tu r e s  sh o u ld  be c o n tin u e d . M ic ro s c o p ic a l ly ,  C ellu lom onas i s  
re c o g n iz a b le  a s  a g ra m -n e g a tiv e , n o n -m o tile  ro d .
A lc a llg e n e s  f a e c a l i s  was a ls o  grown p a r t i c u l a r l y  f o r  e x p e r i ­
m ents in  w hich c e l l u lo s e  components ten d ed  to  i n t e r f e r .  A lc a llg e n e s  
c o lo n ie s  a re  r o u t i n e ly  c a r r i e d  on s l a n t s  o f  c e l lo b lo s e  a g a r  a t  3k°C 
and sh o u ld  be t r a n s f e r r e d  w eek ly . The p a re n t  c u l tu r e s  sh o u ld  be 
grown i n  th e  absence  o f  y e a s t  e x t r a c t  o r  o th e r  g ro w th -en h an cin g  
f a c t o r s ;  t h e r e f o r e ,  i t  may ta k e  fo u r  to  f iv e  days a f t e r  in o c u la t io n  
f o r  c o lo n ie s  to  ap p ea r on s l a n t s .  C u ltu re s  o f  A lc a l lg e n e s  can n o t 
r e l i a b l y  be s to r e d  f o r  lo n g  p e r io d s  o f  tim e in  c o ld .  The c o lo n ie s  
a re  sm ooth, s h in y ,  and a lm o s t t r a n s p a r e n t  in  ap p ea ra n ce . M icro­
s c o p ic a l ly ,  A lc a llg e n e s  i s  re c o g n iz a b le  as  a g ra m -n e g a tiv e , m o tile  
ro d .  F la sk  c u l tu r e s  o f  A lc a llg e n e s  a re  grown on 0 . 6$  la c to s e  
m ed ia , and f lo c c u la t io n  o c c u rs  w i th in  16 h o u rs  a f t e r  in o c u la t io n .  
F locked  c u l tu r e s  can  be added to  2 k -h o u r-o ld  c u l tu r e s  o f
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C e llu lo m o n a s . and a d e f lo c k in g  p ro c e ss  w i l l  o c c u r . A lc a l lg e n e s  
shows a p o s i t iv e  r e a c t io n  f o r  p -g lu c o s id a s e  and p -g a la c to s id a s e  
enzym es.
S ta n d a rd  Inoculum  P r e p a ra t io n
C ellu lom onas was m a in ta in ed  on a  s l a n t  o f  b r a in - h e a r t  in f u s io n  
a g a r .  I t  was t r a n s f e r r e d  d i r e c t l y  w ith  an  in o c u la t in g  loop  to  a 
10 ml sc rew -cap  t e s t  tu b e  o f  f l a s k  m edia c o n ta in in g  a f i l t e r  p ap er 
s t r i p .  T h is  was in c u b a te d  a t  ^k°C f o r  3~5 days o r  to  a  p o s i t iv e  
c e l l u l a s e  a c t i v i t y .  The tube  c u l tu r e  was th e n  t r a n s f e r r e d  to  a  
2 - l i t e r  f l a s k  c o n ta in in g  1 l i t e r  o f  f l a s k  m edia and 10 gms o f  f i l t e r  
p a p e r . T h is  f l a s k  was in c u b a te d  a t  $k°C w ith  sh ak in g  f o r  2k h o u rs . 
The c e l l s  w ere th e n  f i l t e r e d  th ro u g h  a  M i l l ip o r e  s t a i n l e s s  s t e e l  
fu n n e l w i th  a 200-mesh r e t a i n i n g  s c re e n  to  remove u n d ig e s te d  
c e l l u l o s e .  T h is  y ie ld s  a  c u l tu r e  o f  s ta n d a rd  C e llu lo m o n as .
The in c u b a t io n  tim e o f  2k h o u rs  r e s u l t s  i n  o n ly  p a r t i a l  
d ig e s t io n  o f  th e  f i l t e r  p a p e r . A f te r  a p p ro x im a te ly  30 h o u rs  th e  
c e l l  g row th  r a t e  d rops o f f  and i t  would r e q u i r e  o v e r J2  h o u rs  to  
c o m p le te ly  u t i l i z e  a l l  o f  th e  c e l l u l o s e  p r e s e n t .  H ence, th e  c e l l s  
a r e  h a rv e s te d  a f t e r  in c u b a t io n  f o r  2k h o u rs  to .g iv e  c e l l s  in  th e  lo g  
phase  o f  g row th .
A lc a llg e n e s  was m a in ta in e d  on a  s l a n t  o f  c e l lo b lo s e  a g a r .  A 
250 ml f l a s k  c o n ta in in g  70 ml o f  l a c t o s e  media ( f l a s k  media +  6  g /1  
l a c t o s e )  was in o c u la te d  d i r e c t l y  w ith  th e  A lc a l lg e n e s . T h is  f l a s k  
was in c u b a te d  a t  3k°C w ith  sh ak in g  f o r  2k h o u rs  to  y ie ld  a c u l tu r e  
o f  s ta n d a rd  A lc a llg e n e s  in  th e  lo g  p h ase  o f  g row th .
Flask Media
(nh4 )£so 4 -  6  g /1
NaCl -  1 g /1
k£hpo4 -  4 .4 ?  g / l
KH2P04 -  5 . bo  g / l
MgS04 *7Ha0 - 0 . 4  g / l
CaCl2 -  0 .1  g / l
T race  M in e ra ls -  1 m l / l
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C. P r o te in  H v d ro ly siB 52
Between 23 .00  end 3 0 .0 0  mg o f  d ry  sam ple i s  w eighed in to  a 
p r o te in  h y d ro ly s is  tu b e ,  (K o n te s , K -89685 , S3 m l) 10 ml o f  6N HC1 
i s  th e n  added . Hie tu b e  i s  f lu s h e d  w ith  n i t r o g e n  and s e a le d .  I t  
i s  th e n  h e a te d  in  an o i l  b a th  a t  lh 3  +  2°C f o r  k h o u r s .  A f te r  
h e a t in g  th e  tu b e  i s  c o o led  in  an  ic e  b a th  b e fo re  o p en in g . The 
sam ple i s  t r a n s f e r r e d  q u a n t i t a t i v e l y  to  a 23O ml v o lu m e tr ic  f l a s k  
and d i lu t e d  to  volume w ith  d i s t i l l e d  w a te r .  A 1 ml a l iq u o t  i s  
used  f o r  th e  N in h y d rin  T e s t03 w ith  h y d ro ly zed  c a s e in  as th e  s ta n d a rd  
(O .OI5 m g/m l). S in ce  th e  N in h y d rin  T e s t s o lu t io n s  a re  n o t s t a b l e  
th e  s ta n d a rd  m ust be an a ly zed  each  tim e  th e  t e s t  i s  c o n d u c ted . The 
N in h y d rin  p ro ced u re  y ie ld s  th e  b e s t  e s t im a te  o f  th e  t o t a l  p r o t e in  
c o n te n t  in  th e  sam ple .
D. Amino A cid  A n a ly s is  by Gas C hrom atography04
Amino a c id  a n a ly s is  by gas chrom atography r e q u i r e s  t h a t  th e  
h y d ro ly z e d  p r o te in  s o lu t io n  be t r e a t e d  i n  a d i f f e r e n t  m anner. When 
th e  h y d r o ly s is  tu b e  i s  opened a f t e r  h e a t in g  f o r  ^  h o u r s ,  1 .0  ml o f  
an i n t e r v a l  s ta n d a rd  i s  added ( P - a la n ln e ,  2 .5  m m ole/m l). T h is  
s o lu t io n  i s  th e n  p a sse d  th ro u g h  a c a t i o n  exchange column (A m b e r li te , 
IR -120) a f t e r  th e  method o f  Gehrke _et a l . 85 The e lu te d  sam ple i s  
ap p ro x im a te ly  15 ml in  volum e. A 3 ml sam ple o f  t h i s  e l u t a n t  i s  
t r a n s f e r r e d  to  a 12 x 75 111111 c u l tu r e  tu b e  w ith  a T e f lo n  l in e d  
screw  c a p . The sam ple i s  d r ie d  by a s tre am  o f  n i t r o g e n  w h ile  
h e a t in g  th e  tu b e  in  an  o i l  b a th  a t  100 + 2°C. Once d ry , 0 .4  ml 
o f  8n HC1 in  anhydrous p ro p an o l i s  added to  th e  tu b e  w hich i s  th e n
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s e a le d  w ith  th e  T e f lo n  l i n e d  c ap . The s e a le d  tube I s  h e a te d  a t  
100 +  2°C f o r  te n  m in u te s , co o led  to  room  te m p e ra tu re ,  and th e  top  
rem oved. The sam ple I s  d r ie d  as b e fo re  b e in g  c a r e f u l  to  ta k e  I t  
j u s t  to  d ry n e s s .  Hie e n t i r e  p ro c e d u re  I s  re p e a te d  s t a r t i n g  w ith  
th e  a d d i t io n  o f  th e  O .k  ml o f 8n HCl I n  anhydrous p ro p a n o l .  A f te r  
th e  sam ple i s  d r ie d  a seco n d  tim e , 0 .1  ml o f  e th y l  a c e t a t e  i s  
added fo llo w e d  by  0 .2  ml h e p ta f lu o r o b u ty r l c  an h y d rid e  (HFBA). The 
tu b e  i s  r e s e a le d  and h e a te d  a t  I 50 + 2°C f o r  10 m in u te s .  I t  1b 
a llo w ed  to  c o o l to  room te m p e ra tu re  and  th e n  th e  sam ple  i s  d r ie d  
by a  s tre a m  o f  n i t r o g e n  a t  room te m p e ra tu re .  J u s t  a t  re a c h in g  
d r y n e s s ,  e x a c t ly  0 .1  ml o f  e th y l  a c e t a t e  I s  added and  3 1̂ 1 o f  t h i s  
s o l u t i o n  i s  i n j e c t e d  i n t o  th e  gas c h ro m a to g ra p h . The d e r iv a t iv e s  
te n d  to  decom pose a f t e r  a p p ro x im a te ly  o n e  week o f  s to r a g e  a t  -5 °C .
S a t i s f a c t o r y  s e p a r a t io n  o f th e  i n d iv id u a l  am ino a c id  
d e r iv a t iv e s  i s  o b ta in e d  on  a 12 f o o t ,  g l a s s  column o f  3$ OV-1 on 
Chromasorb-W  u s in g  d i r e c t  on column i n j e c t i o n .  The colum n i s  
m a in ta in e d  a t  100°C f o r  If m inu tes a f t e r  sam ple I n j e c t i o n  and th e n  
tem p era tu re-p ro g ram m ed  t o  250°C a t  lf°C /m in . H elium  w as u sed  as  
th e  c a r r i e r  g as  a t  a flo w  r a t e  o f  lfO c c /m in .  Shown i n  F ig u re  4 
i s  a chrom arogram  o f  a n  amino a c id  s ta n d a r d  m ix tu re  c o n ta in in g  
0 .0 1 3  p. m ole o f  each  am ino a c id .
A H e w le tt-P a c k a rd  model 7123A r e c o r d e r  and m odel 3373® 
i n t e g r a t o r  was u sed  to  r e c o rd  th e  d a t a .  The c a l c u l a t i o n s  w ere done 










Figure Gas chromatogram of the N-HFB n-propyl derivatives of a standard amino acid 
mixture on a 3# OV-1 column. Each peak represents 0,015 umole of amino acid,
u
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In  T ab le  I I  i s  th e  RMR o f  th e  amino a c id s  w ith  |3 -a la n in e  a s  
th e  I . S .  T ab le  I I  a l s o  h as  th e  r e s u l t s  o f  an  amino a c id  a n a ly s is  
o f  th e  y e a s t  Y -13 .
1+2
T ab le  I I  
Amino A cid  A n a ly s is  o f  Y -13
Amino A cid ^ a a / l . S . A x  105 a a Mole # W eigh t c
A la 1 .0 6 i f .518 1 2 .6 6 i+.l+9
Arg 1 .8 1 0 .6 5 9 9 1 .0 8 •75
Asp 1 .6 1 5 .2 2 1 9 .6 3 5 .1 0
Cys 1 .0 6 O .57I+2 1 .6 0 1 . 5!+
Glu 1 .8 7 7 .5 0 2 1 1 .9 1 6 -9 8
Gly o .if8 2 .6 if3 1 6 .3 5 I+.89
l i e 1 .2 0 2 .0 9 6 5 .1 8 2 .7 1
Leu 1 .8 3 if.if03 7 - i i f 3 .7 3
Lys 0 .6 5 1 .0 8 3 if.9if 2 .8 8
Met 0 .8 7 0 . 1f if l2 I .50 .89
Phe 2 .6 2 2 .3 6 1 2 .6 7 1 .7 6
P ro 1 .9 5 3 .0 7 3 if .68 2 . 11+
S er 1 .6 2 3 .5 0 7 6.1+3 2 .6 9
Thr 2 .0 1 3 .3 3 1 lf.9 2 2 .3 3
Tyr 3 .9 0 if. 723 3-59 2 .5 9
V al 1 .6 9 3 .2 1 1 5 . 61+ 2 .6 3
0 -A la n in e 1 .0 0 1 .9 6 8
100.00 if 8 .  IT
1*3
E. N u c le ic  A cid A n a ly s is 68
The RNA and DNA a n a ly s i s  te c h n iq u e  i s  based  on th e  method o f 
Munro and F le c k . 86 The RNA c o n te n t  i s  d e te rm in ed  a t  260 nm a f t e r  
in c u b a t io n  o f  th e  sam ple i n  0 .3N  KOH a t  37°C f o r  13 h o u rs  a f t e r  th e  
p r o te in  and DNA was p r e c i p i t a t e d  by a d d i t io n  o f  c o ld  HCIO4 . The DNA 
was e x t r a c te d  from th e  r e s id u e  by t r e a tm e n t  w ith  0.5N  HCIO4 a t  75°C 
f o r  20 m inu tes and th e  e x t r a c t  was a ls o  an a ly zed  a t  260 nm.
An example o f a ty p ic a l  a n a ly s is  i s  as fo l lo w s : A 5 ml
a l iq u o t  o f  a 5$ c e l l  su sp e n s io n  (e x a c t  c o n c e n tr a t io n  known) i s  
added to  a 15 ml c e n t r i f u g e  tu b e ,  2 .5  ml o f  ic e - c o ld  0 .6  N HCIO4 i s  
added , th e  s o lu t io n  i s  mixed and a llo w ed  to  s ta n d  i n  an  ic e  b a th  f o r  
10 m in u te s . The sam ple i s  c e n t r i f u g e d ,  th e  s u p e rn a ta n t  f r a c t i o n  
d is c a rd e d  and th e  p r e c i p i t a t e  washed tw ic e  w ith  c o ld  0 .2  N HC104 . 
Excess a c id  i s  d ra in ed  o f f  by in v e r t in g  th e  tu b e  b r i e f l y  over 
f i l t e r  p a p e r .
A ^ ml volume o f 0.3N  KOH i s  added and th e  sam ple in c u b a ted  
a t  37 +  0 .5 °C  f o r  18 h o u rs  in  a c o n s ta n t  te m p e ra tu re  b a th .  A f te r  
in c u b a t io n ,  th e  sam ple i s  c o o le d  in  an  ic e  b a th  and th e  p r o te in  
and DNA a re  p r e c ip i t a t e d  by ad d in g  2 .5  ®1 o f  1.2N HC104 . A f te r  
s ta n d in g  f o r  10 m inu tes in  th e  ic e  b a th ,  th e  p r e c i p i t a t e  i s  
c e n tr i fu g e d  down and th e  s u p e r n a ta n t  (RNA) f r a c t i o n  d e ca n te d  o f f .
The p r e c i p i t a t e  i s  washed tw ic e  w ith  5 nil ° f  0.2N  HCIO4 and th e se  
w ash ings added to  th e  RNA f r a c t i o n .  F o llo w in g  th e  a d d i t io n  o f  
10 ml o f  0.6N  HCIO4 to  th e  RNA f r a c t i o n  and w a sh in g s , t h i s  f r a c t i o n  
i s  th e n  d i lu te d  to  100 ml w i th  w a te r ,  g iv in g  a s o lu t io n  o f 
r ib o n u c le o t id e s  in  0.1N  HC104 . The u l t r a v i o l e t  a b s o r p t io n  o f  t h i s
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s o lu t io n  i s  th en  m easured a t  260 nm. The RNA c o n te n t  o f  th e  sam ple 
can  th e n  be d e te rm in ed  from  th e  c a l i b r a t i o n  c u rv e  in  F ig u re  5 . To 
e s t im a te  DNA c o n te n t ,  th e  p r e c i p i t a t e  o b ta in e d  on a c id i f y in g  th e  
a lk a l in e  d ig e s t  i s  h e a te d  in  5 ml o f  O .5N HC104 a t  75 + 1°C f o r  
20 m in u te s . I t  i s  th e n  worked up in  a s im i la r  manner as th e  RNA 
sam ple to  a 100 ml volume and th e  DNA c o n te n t  can  a ls o  be d e te rm in ed  
from  th e  g raph  in  F ig u re  5 .
F . A cid  P r e c ip i t a t i o n  o f C ellu lom onas
I t  was n e c e s s a ry  to  d e te rm in e  th e  pH a t  w hich C ellu lom onas 
c e l l s  and a s s o c ia te d  p r o te in  w ere c o m p le te ly  removed from  s o lu t io n .  
The c e l l s  w ere f r e e z e  d r ie d  Cellulom onaB grown on a l k a l i  t r e a t e d  
b a g a s se , A 5$ s o lu t io n  o f  th e  c e l l s  in  a b ic a rb o n a te -so d iu m  
c a rb o n a te  b u f f e r ST (pH = 9 -7 )  was p re p a re d . T h is  s o lu t io n  was 
t i t r a t e d  w ith  a c id  and th e  s u p e r n a ta n t  t e s t e d  f o r  p r o te in  by th e  
B iu r e t  r e a c t io n 8® a f t e r  c e n t r i f u g a t io n .  A p o s i t iv e  B iu r e t  t e s t  
was o b ta in e d  u n t i l  th e  pH dropped to  h .7 i  no ev id en ce  f o r  p r o te in  
in  th e  s u p e r n a ta n t  co u ld  be d e te c te d  a t  p H 's  l e s s  th a n  4 .7*  Thus 
re d u c in g  th e  pH o f  th e  c u l tu r e  m enstrum  to  h .7  sh o u ld  e f f e c t  
q u a n t i t a t i v e  p r o te in  p r e c i p i t a t i o n .  T h is  te c h n iq u e  was u sed  f o r  
some la r g e  s c a le  h a r v e s t in g  o f  C ellu lom onas c u l tu r e s .  The pH o f 
th e  c u l tu r e  would be a d ju s te d  to  k.O  w ith  c o n c e n tra te d  HCl. The 
c e l l s  co u ld  th e n  be e a s i l y  removed from  s o lu t io n  u s in g  a co n tin u o u s  
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Figure 5. Calibration curve for RNA and DNA
k6
G. I m p u r i t i e s  P re s e n t  In  C ellu lo m o n as C u ltu re
C o n firm a tio n  t h a t  b a g a s s e  l i g n in  I s  one o f  th e  m ajo r 
I m p u r i t ie s  p r e s e n t  In  h a r v e s te d  C ellu lom onas grown on a l k a l i  
t r e a t e d  b a g a s se  was o b ta in e d  I n  th e  fo l lo w in g  m anner. T h i r ty  grams 
o f  drum d r ie d  C ellu lom onas grow n on a l k a l i  t r e a t e d  s u g a r  cane  
b a g asse  was e x t r a c te d  w ith  9 5 $  e th a n o l  i n  a  S o x h le t  E x t r a c to r  u n t i l  
th e  e x t r a c t i n g  e th a n o l  was c l e a r .  Hie r e s u l t i n g  brown s o l u t i o n  was 
f i l t e r e d  and e v a p o ra te d  w ith  a  r o t a - v a c .  The brown o i l y  r e s id u e  
was w ashed w ith  c o ld  w a te r ,  e t h e r  and d r i e d  a g a in  u n d e r vacuum .
The m a te r i a l  was d is s o lv e d  i n  d ic x a n e , f i l t e r e d  and p r e c i p i t a t e d  
i n to  c o ld  w a te r .  The p r e c i p i t a t e  was f r e e z e  d r ie d  to  y i e l d  0 .6 6  g 
o f  a medium brown pow der. The in f r a r e d  sp e c tru m  i s  c o n s i s t e n t  w ith  
t h a t  e x p e c te d  f o r  p u re  b a g a s s e  l i g n i n  (F ig u re  6 ) .  The band a t  
3*100 cm"1 i s  due to  th e  p re s e n c e  o f  bonded h y d ro x y l g ro u p s In  th e  
l i g n i n  com plex . A b so rp tio n  fro m  1700 to  I 67O cm-1  i s  c h a r a c t e r i s t i c  
f o r  th e  p re s e n c e  o f  an a ld e h y d e  o r  k e to n e  c a rb o n y l g ro u p in g . P h en y l 
r i n g  s k e l e t a l  v ib r a t i o n s  w i th  p o s s ib le  p a ra  s u b s t i t u t i o n  a r e  
ev id en c e d  n e a r  1600 cm-1  and th e  1*4-50 cm"1 band e s t a b l i s h e s  th e  
p re s e n c e  o f  a l i p h a t i c  g ro u p in g s  in  th e  m o le c u le . T h is  i n f r a r e d  
a b s o r p t io n  s p e c t r a  i s  v e ry  s i m i l a r  to  th e  one p u b lis h e d  by D eS tevens 
and N ord89 who f i r s t  i s o l a t e d  p u re  b a g asse  l i g n i n  by an  e n zy m a tic  
r e a c t i o n .  The u l t r a v i o l e t  s p e c t r a  had a maximum a t  350 nm com pared 



















Figure 6, Bagasse lignin isolated from a Cellulomonas culture grown on 
sugar cane bagasse.
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H. F r a c t i o n a t i o n  o f  C e ljjilo m o n a s Grown on P u r i f i e d  Wood P u lp
A b u f f e r  e x t r a c t i o n  te c h n iq u e  was u sed  to  p ro d u c e  p r o t e i n  
c o n c e n t r a t io n s  from  C e llu lo m o n a s  a s  f o l lo w s :
Sam ple fa
A 10o£ s u s p e n s io n  o f  C e llu lo m o n a s  in  b ic a r b o n a te  b u f f e r , 87 
pH = 9 * 7 ) was p re p a re d .  The c e l l  w a l l s  w ere  d i s r u p t e d  and th e  
s o l u t i o n  c e n t r i f u g e d  to  rem ove them . The c e l l  w a l l  f r a c t i o n  was 
a g a in  e x t r a c t e d  w ith  b u f f e r  and  th e  two e x t r a c t s  co m b in ed . The 
p r o t e i n  was p r e c i p i t a t e d  by th e  a d d i t i o n  o f  IN HCl to  o b ta in  a pH 
o f  I4-.O . T h is  p r o t e i n  p r e c i p i t a t e  was c e n t r i f u g e d  to  rem ove i t  from  
s o l u t i o n ,  su sp en d ed  in  d i s t i l l e d  w a te r  and d ia ly z e d  to  a n e u t r a l  
pH. The am ino a c id  a n a l y s i s  o f  th e  p ro d u c t  i s  i n  T a b le  IV.
Sam ple fe
T h is  sam ple  was p r e p a r e d  i n  a s i m i l a r  m anner. A f t e r  
p r e c i p i t a t i o n  and c e n t r i f u g a t i o n  o f  th e  p r o t e i n ,  th e  r e s id u e  was 
e x t r a c t e d  w ith  th e  f o l lo w in g  o r g a n ic  s o lv e n t s  to  rem ove th e  l i p i d s  
and  any o rg a n ic  s o lu b le  i m p u r i t i e s ,  e t h a n o l ,  a c e to n e ,  c h lo ro fo rm -  
m e th a n o l 2 : 1 ,  and e t h e r  i n  t h a t  o r d e r .  T a b le  V c o n ta i n s  th e  
am ino a c id  a n a l y s i s .
Sam ple #5
A p o r t i o n  o f  sam ple  #2 w as r e d i s s o lv e d  i n  b u f f e r  and  MnCl2 9 °  
w as u se d  to  p r e c i p i t a t e  th e  n u c l e i c  a c id s  from  th e  s o l u t i o n .  A f t e r  
a d d i t i o n  o f  th e  MnCl2  th e  p r e c i p i t a t e  was c e n t r i f u g e d  and  rem oved . 
The p r o t e i n  s o l u t i o n  was th e n  p r e c i p i t a t e d  by a c id  a s  i n  sam ple  $1 
and  f i n a l l y  d i a ly z e d .  A t e s t  o f  th e  MnCl2  p r e c i p i t a t e  by th e  
B i u r e t  r e a g e n t88 i n d i c a t e d  some p r o t e i n  was p r e s e n t .  A l l  o f  th e
1*9
T able  IV
A lk a lin e  B u ffe r  E x t r a c t  o f  D is ru p te d  C ellu lom onas C e l l s ,  Sample #1
P e rc e n t  o f
Amino A cid P e rc e n t  o f  Sample T o ta l  P e p tid e  A.A.
L ysin e 5 .1 8 6 .8 2
H is t id in e 1.214- 2 .6 6
A rg in in e I4-.58 9 .8 3
A s p a r t ic  a c id If .51 9 .6 8
T h reo n in e 2 .3 5 5-Olf
S e r in e l.lflf 3 .0 9
G lutam ic a c id 6 .8 8 Ilf. 76
P r o l in e I .70 3 .65
G lycine 2 .7 2 5 *814-
A lan in e 5 .3 6 11.50
V a lin e 3 .71 7 .9 6
M eth io n in e • o . 6if 1 .3 7
I s o le u c in e 1 .71 3 .6 7
L eucine 3-76 8 .0 7
T y ro sin e l.O lf 2 .2 3
P h e n y la la n in e 1 .7 8 3 .8 2
Total Amino Acid lf6 .6o 99-99
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T able V
L ip id  F ree  A lk a lin e  B u ffe r  E x t r a c t  o f  D is ru p te d  C ellu lom onas C e l l s ,
Sample #2
P e rc e n t  o f
Amino A cid P e rc e n t  o f  Sample T o ta l  P e p tid e  A.A.
L y s in e 3-34 6 .4 7
H is t id in e i .4 o 2 .71
A rg in in e Ik 68 9 .0 6
A s p a r t ic  a c id I k 89 9 M
T h reon ine 2 .82 5 .4 6
S e r in e 1 .82 5 .5 5
G lu tam ic a c id 7 .89 1 5 .28
P r o l in e 1 .88 3-64
G ly c in e 2 .9 7 5-75
A la n in e 5-84 11.31
V a lin e 3 .90 7-55
M eth ion ine 0 .8 8 1 .70
I s o le u c in e 1 .94 3 .7 6
L eu c in e 4 .2 3 8 .1 9
T y ro sin e 1.21 2 .3 4
P h e n y la la n in e 1 .94 3 .7 6
Total Amino Acid 51.63 9 9 .9 8
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sam ples w ere  f r e e z e  d r ie d  p r i o r  to  a n a l y s i s .  T ab le  VI c o n ta in s  
th e  r e s u l t s  o f  th e  amino a c id  a n a l y s i s  o f  #3 . E le m e n ta l a n a ly s e s  
o f  th e  t h r e e  sam p les  a r e  shown i n  T a b le  I I I  a lo n g  w ith  a p r o t e in  
a n a ly s i s  by th e  Lowry91  m ethod.
T a b le  I I I
E le m e n ta l A n a ly s is  o f  C e llu lo m o n as  P r o te in  C o n c e n tra te s
Sample c H N
^  P r o te in  
(N x  6 .2 5 )
^  P r o te in  
Lowry Method
1 b b . 6 5 6 . 5 b 1 0 .3 8 6it-.9 3 7 -6
2 52 .8 5 5-90 1 0 .5 5 6 6 .0 ^5 -5
5 **0.73 5 .6 8 1 1 .9 0 7 ^ .3 4 1 .3
I .  A cid  E x t r a c t io n  o f  P r o te in  fro m  C e l lu lomonas
An a t te m p t  was made to  e x t r a c t  th e  p r o te in  from  hom ogenized 
C ellu lom onas c e l l s  u s in g  d i l u t e  a c id  in  th e  same m anner t h a t  
a l k a l i n e  b u f f e r s  a r e  u s e d . H iis  w ould  be  a means o f  p ro d u c in g  a 
p r o t e in  c o n c e n t r a te  f r e e  from  n u c le i c  a c id s .  Four gram s o f  th e  
c e l l s  w ere  e x t r a c t e d  w ith  100 ml o f  O .lN  HCl a t  25°C f o r  10 m in u te s . 
The r e s id u e  was c e n t r i f u g e d  and e x t r a c t e d  a g a in  w i th  100 ml o f  th e  
a c id .  The p ro c e d u re  was r e p e a te d  a  t h i r d  tim e w ith  50 ml o f  th e  
a c id .  The th r e e  e x t r a c t s  w ere co m b in ed , d ia ly z e d  to  a n e u t r a l  pH 
and f r e e z e  d r i e d .  Of th e  s t a r t i n g  m a te r i a l  5 1 .2£ was e x t r a c te d  
in to  th e  a c id ,  3 8 . 2J& rem ained  in  th e  c e l l  w a l l  f r a c t i o n  and th e  
re m a in d e r was l o s t  d u r in g  d i a l y s i s .  The amino a c id  a n a ly s i s  o f  
th e  a c id  e x t r a c t  i s  shown in  T a b le  V I I .
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T ab le  VI
L ip id  and N u c le ic  A cid F ree  A lk a lin e  B u f fe r  E x t r a c t  o f  D is ru p te d
C ellu lom onas C e l l s ,  Sample #3
P e rc e n t o f
Amino A cid  P e rc e n t  o f  Sample T o ta l P e p tid e  A.A.
L ysin e 2 .90 6 .5 7
H is t id in e 1 .22 2 .6 8
A rg in in e k .02 8 . 8k
A s p a r t ic  a c id It- .12 9 .0 5
T hreonine 2 . kk 5 .3 6
S e r in e l . h 9 3 .2 7
G lutam ic a c id 6 . 8k 15 .05
P ro lin e 1 .76 3 .8 7
G lycine 2 .76 6 .0 7
A lan in e 5-50 12.09
V alin e 5 .6 2 7 .9 6
M eth ion ine 0 .7 2 1 .5 8
I s o le u c in e 1 .62 3-56
L eucine 5-72 8 .1 7
T y ro sin e 1.05 2 .3 1
P h e n y la la n in e 1-72 3 .7 8
T o ta l  Amino A cid ^5 .5 0 9 9 .9 9
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T a b le  V II
P r o te in  E x t r a c t  from  C ellu lom onas U sing  0.1N HC1 a t  25°C
P e rc e n t  o f
Amino A cid P e rc e n t o f  Sample T o ta l P e p tid e  A.A.
Lys in e 2 .3 2 5-53
H is t id in e 0 .9 3 2 .21
A rg in in e 3 .1 0 7-38
A s p a r t ic  a c id 1^.24 10 .10
T hreon ine 0 .6 2 1 .U8
S e r in e 1-33 3-1 7
G lutam ic a c id 6 .6 6 15 .86
P r o l in e 2-35 5 .6 0
G lycine 2 .9 3 6 .9 8
A lan in e 5 .0 5 12 .03
V a lin e 3*68 8 .7 6
M eth ion ine O .8 7 2 .0 7
I s o le u c in e 1*91 ^-5 5
L eucine 3 .5 8 8 .5 2
T y ro sin e O .8 7 2 .0 7
P h e n y la la n in e 1-55 3-69
T o ta l  Amino A cid i n . 99 100.00
5^
J .  A cid  E x t r a c t io n  o f  P r o te in  from  a S ym bio tic  C u ltu re  o f  
Ce^jlomona^_and_j\LcalJLg«m
From th e  p re v io u s  e x p e rim en t i t  seemed n e c e s sa ry  to  le n g th e n  
th e  tim e o f  a c id  e x t r a c t i o n  i f  th e  p r o te in  i s  to  be s e p a ra te d  
s u c c e s s f u l ly  from  th e  c e l l  v a i l s .  By in c r e a s in g  th e  tim e  and 
te m p e ra tu re  o f  th e  r e a c t i o n ,  th e  n u c le ic  a c id s  c o u ld  a ls o  be 
c o m p le te ly  h y d ro ly z e d . The c e l l s  w ere suspended  ( 5$ c o n c e n tr a t io n )  
in  d i l u t e  a c id  f o r  20 h o u rs  a t  3T°C. They w ere th e n  c e n tr i f u g e d  
and th e  r e s id u e  e x t r a c te d  tw ic e  w ith  a volume o f d i l u t e  a c id  e q u a l 
to  h a l f  th e  o r ig i n a l  sam ple volum e. The e x t r a c t s  w ere  com bined, 
d ia ly z e d  to  a n e u t r a l  pH and f i n a l l y  f r e e z e  d r ie d .  The amino a c id  
co m p o sitio n  o f th e  s t a r t i n g  m a te r ia l  i s  shown in  T ab le  V III  and th e  
re c o v e ry  o f  th e  p r o te in  e x t r a c t s  i s  shown in  T ab le  IX .
K. A cid H y d ro ly s is  o f  A lcaj^igengis C e l ls
The e f f e c t  o f  a c id  h y d r o ly s is  f o r  th e  rem oval o f  n u c le ic  
a c id s  from  p u re  A lc a lig e n e s  c e l l s  was i n v e s t ig a te d .  The amino a c id  
a n a ly s i s  o f th e  s t a r t i n g  m a te r ia l  i s  shown in  T ab le  X I. The rem oval 
o f  th e  c e l l  w a l ls  was d e le te d .  The h y d ro ly s is  was conducted  on th e  
e n t i r e  c e l l  com ponents a f t e r  hom ogenation . The 5$ su sp e n s io n  was 
h y d ro ly z e d  f o r  12 h o u rs  a t  37°C , in  d i l u t e  HC1 and th e n  d ia ly z e d  
f o r  12 h o u rs . The r e s u l t s  o f  two ru n s  a r e  shown i n  T ab le  X.
T his same ex p erim en t was re p e a te d  w ith  a d i a l y s i s  membrane 
w hich  had  been a c e ty la te d  to  re d u c e  th e  p o re  s i z e  and p re v e n t 
p r o te in  lo s s  d u r in g  d i a l y s i s .  T ab le  X a l s o  h as  th e s e  r e s u l t s .
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T able  V I I I
S ym bio tic  C u l tu re  o f  C ellu lom onaa and A lc a llg e n e s
P e rc e n t  o f
Amino A cid P e rc e n t  o f  Sam ple T o ta l  P e p tid e  A.A.
Lys in e k . 6 j 6 .8 7
H is t i d i n e 2 .0 6 3 .0 3
A rg in in e 6 .2k 9 -1 6
A s p a r t ic  a c id 6 .37 9 -3 7
T h reo n in e 3 .2 2 lj-,71*-
S e r in e 2 . 1* 3-59
G lu tam ic  a c id 9 -5 7 111-. 09
P r o l in e 1 .8 8 2 -7 7
G ly c in e 4 .2 3 6 .2 3
A la n in e 6 .31 9 .2 9
V a lin e 5-16 7-60
M eth io n in e 1 .70 2 .50
I s  0 le u c in e 3-35 ^•9 3
L eu c in e 5 .6 8 8 .3 6
T y ro s in e 2 .05 3 .0 2
P h e n y la la n in e 3 .0 0 k . b 2
Total Amino Acid 6 7 .9 3 99-97
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T ab le  IX
A cid E x t r a c ts  from  S ym bio tic  C u ltu re  o f 
C ellu lom onas and A lc a lig e n e s
HCl*
C o n c e n tra tio n
cfa M a te r ia l  
R ecovered from  
A cid E x t r a c t
$  M a te r ia l  
in  C e l l  
W all R esid u e
^  M a te r ia l  Loss 
D uring  D ia ly s is
0 .1  N 7 8 .9 6 .5 1^.6
0 .2  N 73*2 6 .8 2 0 .0
0 .3  N 7^*9 b . 5 2 0 .7
O A  N 70.0 5 .6 2 k .k
* 20 h o u rs  a t  37°C
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The low er v a lu e  o f  n u c le ic  a c id  rem oval f o r  O .5N* HCl sam ple 
In  an  a c e ty la te d  d i a l y s i s  membrane I n d ic a te s  t h a t  th e  a c id  t r e a tm e n t 
a t  0 .5N  does n o t re d u c e  a l l  th e  n u c le ic  a c id  com ponents to  low 
m o le c u la r  w e ig h t f r a c t i o n s .
T ab le  X
A cid H y d ro ly s is  o f A lc a l ig e n e s  a t  37°C f o r  12 Hours
HCl
C o n c e n tra tio n
R ecovery o f 
S t a r t i n g  M a te r ia l
^  P r o te in  o f  
R ecovered  P ro d u c t
N u c le ic  A cids 
Removed
0 .5  N 8k 71 88
0 .5  N* 86 72 69
1 .0  N 80 75 88
1 .0  N* 80 72 85
*  A c e ty la te d  d i a l y s i s  membrane u sed  In  d i a l y s i s
L. O p tim iz a tio n  o f  A cid  H y d ro ly s is  f o r  N u c le ic  A cid  Removal 
The e f f e c t  o f  a  m ild  a c id  t r e a tm e n t  on p u re  RNA and DNA 
s a m p l e s  was i n v e s t i g a t e d .  Y eas t RNA was t r e a t e d  w ith  0 .5  and 1.0N 
HCl a t  37°C f o r  12 h o u r s .  A sam ple in  d i s t i l l e d  w a te r  was u sed  a s  
th e  c o n t r o l .  The i n i t i a l  n u c le ic  a c id  c o n c e n tr a t io n  was 200 mg/ml. 
H ie sam ples w ere th e n  d ia ly z e d  f o r  12-5  h o u rs  a g a in s t  d i s t i l l e d  
w a te r .  A t th e  end o f  th e  d i a l y s i s ,  91$  °£  RNA had d if f u s e d  
th ro u g h  th e  d i a l y s i s  membrane. T rea tm en t, o f  DNA under s im i la r  
c o n d i t io n s  p roduced  a 50$ r e d u c t io n  in  th e  DNA c o n te n t  (F ig u re  7 )-
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T ab le  XI 
A lc a llg e n e a  C e l l s
P e r c e n t  o f
Amino A cid  P e r c e n t  o f  Sam ple T o ta l  P e p t id e  A.A.
L y sin e 1^.72 6 .5 7
H is t i d i n e 2 .01 2 .8 1
A rg in in e 5 .7 ^ 8 .0 1
A s p a r t ic  a c id . 7 -53 IO .5 2
T h reo n in e 3-50 4 .8 9
S e r in e 2 .50 3 .6 2
G lutam ic  a c id 9 .6 7 13 .5 1
P r o l in e I .85 2 .5 9
G ly c in e 4 .2 5 5 .9 0
A la n in e 6 .1 0 8 .5 2
V a lin e '5 .6 1 7.81*
M eth io n in e 2 .1 0 2 .9 3
I s o le u c in e k .  00 5-59
L eu c in e 6 .1 6 8 .6 1
T y ro sin e 2 .3 7 3 .3 1
P h e n y la la n in e 3 .5 0 i*.89
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D i a l y s i s  T i m e  ( H o u r s )
Figure 7. Effect of acid hydrolysis upon the diffusion
of nucleotides through a regenerated cellulose 
dialysis tube. Initial nucleic acid concentra­
tion, 200 mg/ml* hydrolysis time, 12 hr,, 
hydrolysis temp., 37°C. Hydrolysis medium 
and substratet ■» DNA in H 2 O 1 A, DNA in 
1.0N HCl* •, RNA in H20, □, RNA in 0.5N HCl, 
o, RNA in 1.0N HCl,
6o
The u se  o f  p u re  RNA and DNA made i t  p o s s ib le  to  a n a ly z e  th e  
d i f u s a te  a c c u ra te ly  a t  260 nm in  th e  UV. C e l l  c u l tu r e s  grown on 
b a g asse  c o n ta in  im p u r i t i e s  which make t h i s  type o f  a n a ly s i s  
im p o s s ib le .  The n u c le ic  a c id  sam ples in  th e  d i a l y s i s  membranes 
w ere suspended  in  a 2  1 c o n ta in e r  in  w hich  th e  w a te r  was changed 
h o u r ly . The UV a b s o r p t io n  o f  t h i s  s o lu t io n  was re c o rd e d  and a t  th e  
end o f  th e  d i a ly s i s  tim e  th e  t o t a l  c o n c e n tr a t io n  o f  d i f f u s e d  
n u c le ic  a c id s  com ponents was compared to  th e  amount r e ta in e d  w i th in  
th e  d i a l y s i s  membrane. The r e s u l t s  a g re e  w ith in  +  2 ^ . The same 
p ro c e d u re  was used to  s tu d y  th e  e f f e c t  on A lc a lig e n e s  c e l l s  in  
F ig u re  8  and 9 w ith  F ig u r e  10 in d ic a t in g  th e  e f f e c t  o f  a c id  
c o n c e n tr a t io n  on n u c le i c  a c id  rem oval.
M. M o lecu la r W eight D e te rm in a tio n  by G el Chrom atography
The g la s s  column (Pharm acia M odel K26 w ith  A26 flow  a d a p to r s ) ,
2 .6  x  100 cm, was p acked  by th e  method o f  Andrews. 02  A s lu r r y  o f
Sephadex G-200 was a llo w e d  to  sw e ll f o r  th r e e  days i n  a  p o ta ss iu m
d ih y d ro g en  p h o sp h a te -d iso d iu m  hydrogen  p h o sp h a te  (pH = 7*8) b u f f e r 87
*
b e fo re  p a c k in g . A 0.02j& c o n c e n tra t io n  o f  sodium a z id e  was p r e s e n t  
in  th e  b u f f e r  a s  an  a n t im ic r o b ia l  a g e n t .  The s l u r r y  was d eg assed  
in  a vacuum d e s ic c a to r  p r i o r  to  p a c k in g . A p prox im ate ly  o n e - th i r d  
o f  th e  column was f i l l e d  w ith  b u f f e r  an d  th e  s lu r r y  was th e n  added 
s lo w ly  u s in g  a g la s s  ro d  to  pour i t  down th e  s id e  o f  th e  colum n.
The flo w  was s t a r t e d  to  remove ex cess  b u f f e r  and th e  to p  flow  
a d a p te r  was p o s i t io n e d  i n  p la c e  a f t e r  enough g e l was added to  f i l l  
























Figure 8. Removal of nucleotides by dialysis of 
selectively hydrolysed Alcaligenes. 
Initial nucleic acid concentration,
90 mg/ml* hydrolysis time, 12 hr.p 
hydrolysis temperature, 37°C. Hydrolysis 
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D i a l y s i s  T i m e  ( H o u r s )
Figure 9. Removal of nucleotides by dialysis of
selectively hydrolysed Alcaligenes. Initial 
cell concentration, 5 0  mg/mlj hydrolysis 
time, 12 hr,j hydrolysis temp., 37°C.j 
hydrolysis medium: □ , No hydrolysis 1 























Normality of Hydrolysis Media, HCl
Figure 10, Effect of acid concentration upon
hydrolysis of nucleic acids. Culture, 
Alcaligenes» hydrolysis temperature,
37UC ., dialysis time. 12 hr.,0» Run #20, 
12 hr, hydrolysis, □ ,  Run #39* 12 hr, 
hydrolysis 1 TV, Run #39, 10 hr, hydrolysis.
6fc
means o£ a  p e r i s t a l t i c  pump. The colum n was c o n d itio n e d  o v e rn ig h t  
b e fo re  u s e .  A 0 .2 5 $  s o lu t io n  o f  B lue  D ex tran  2000 , 3 ml»  was u sed  
to  t e s t  th e  hom ogeneity  o f  th e  g e l  b e d . The colum n was c a l i b r a t e d  
u s in g  3 nrf. sam ples o f  th e  fo llo w in g  p r o te in s  a t  a c o n c e n tr a t io n  o f  
5 m g/m l: c a ta l a s e  (MW ** 2 3 0 ,0 0 0 ) , a lc o h o l  d eh ydrogenase  (MW =
1 5 0 ,0 0 0 ) , bov ine  serum  album in  (MW =* 13^-,000) and  cytochrom e (MW = 
12,1*00). The p r o te in  c o n te n t  o f  e ach  f r a c t i o n  w aB  an a ly zed  by 
means o f  th e  Lowry M ethod .91 F r a c t io n s  o f  th e  column e f f l u e n t  
w ere c o l l e c te d  a t  5 i n t e r v a l s .  F ig u re  11 com bines th e  g e l  
chrom atogram s o b ta in e d  f o r  th e  u n t r e a te d  c a t a l a s e  and a lc o h o l  
d ehydrogenase  w ith  th o s e  o b ta in e d  a f t e r  t r e a t i n g  th e s e  two p r o te in s  
w ith  1.0N HCl a t  37°C f o r  12 h o u rs  (10$ s o l u t i o n ) .  T h is p ro v id e s  
a means o f  a s s e s s in g  th e  e f f e c t  o f  a c id  tr e a tm e n t  on p r o te in  
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Figure 11, Gel chromatogram of acid treated proteins, 1,0N HC1 at 37°C. 
for 12 hours.
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N. U l t r a f i l t r a t i o n  as  a T echn ique f o r  Removing N u c le ic  A cid
Components03
The u se  o f  u l t r a f i l t r a t i o n  aB a p o s s ib le  means o f  rem oving  
n u c le ic  a c id  com ponents was e v a lu a te d .  An Amicon m a g n e t ic a l ly  
s t i r r e d  c e l l  (Model 5 2 , 50 ml c a p a c i ty )  w ith  a one l i t e r  r e s e r v o i r  
and s e l e c t o r  v a lv e  was u s e d . A PM10 membrane w hich r e t a i n s  
m o le c u la r  w e ig h ts  above 10,000  was s e le c te d  f o r  th e s e  e x p e r im e n ts .
A 50 ml sam ple c o n ta in in g  10$ p r o t e i n  and 1$ RNA was d i l u t e d  to  
500 ml a f t e r  h y d r o ly s is  f o r  12 h o u rs  a t  37°C in  IN HCl and t h i s  
volume r e c o n c e n tr a te d  to  50 ml by u l t r a f i l t r a t i o n  u s in g  a flo w  r a t e  
o f  0 .5  m l/m in  and an o p e r a t in g  p r e s s u r e  o f  p s l .  The r e s u l t s  o f  
s e v e r a l  sam ples a r e  in c lu d e d  in  T a b le  XXI. The n u c le i c  a c id  
a n a ly s i s  was done by UV a b so rb an c e ®3  and p r o te in  d e te rm in e d  by 
th e  Lowry M ethod . 01
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T a b le  XIX
E f f e c t iv e n e s s  o f  U l t r a f i l t r a t i o n 1 i n  Removing N u c le ic  A cid  
Components A f t e r  A cid H y d ro ly s is
Sam ple
#  Sample Component in  
R e te n ta te  F i l t r a t e
10# C a s e in , 1# Y e as t RNA2 C a s e in 99 0 .5
RNA 83 17
10# C a s e in , 1# Y e a s t RNA3 C a se in 99 1 .0
RNA 12 88
10# C e llu lo m o n as3 P r o te in 95 5
N u c le ic  A c id s 16 83
1 Amicon M odel 52 S t i r r e d  C e l l ,  PM 10 membrane ( r e t a i n s  Mff's 
g r e a te r  t h a n  1 0 ,0 0 0 ) . Flow  r a t e  0 .5  m l/m in , o p e r a t in g  p re s s u re  
^5 p s i .  T o ta l  tim e o f  u l t r a f i l t r a t i o n ,  15 h o u rs .
2 U n tre a te d  sam p le .
3 H y d ro ly zed  12 h o u rs  a t  37°C in  IN HCl.
68
0 .  T h erm a l Shock Technique for Nucleic Acid Removal
The te c h n iq u e  u sed  to  t e s t  th e  in f lu e n c e  o f  h e a t  shock  on 
n u c le i c  a c id  d e g r a d a t io n  was d ev e lo p ed  by H aul c t  . a l . 53 and O hta 
_et j j l ^ 54 f o r  u se  on y e a s t .  C e l l  c u l t u r e  was pumped th ro u g h  
s t a i n l e s s  s t e e l  tu b in g  (56  cm x 1 /3 2 "  I . D . )  by a p e r i s t a l t i c  pump. 
T h is  pump p ro d u ced  e x a c t  and  r e p r o d u c ib le  h y d r o ly s i s  t im e s .  The 
s t a i n l e s s  s t e e l  tu b in g  was immersed in  a c o n s ta n t  te m p e ra tu re  b a th  
c o n t r o l l e d  to  w i th in  +  0 .1 ° C .
The b a c t e r i a l  c e l l s  and c u l tu r e  m edia  w ere  pumped th ro u g h  th e  
tu b in g  m a in ta in e d  a t  th e  a p p r o p r ia te  s h o c k in g  te m p e ra tu re  and w ere  
c o l l e c t e d  i n  15 ml c e n t r i f u g e  tu b e s .  T hese  tu b e s  w ere  c o o le d  i n  an 
ic e  b a th .  F iv e  to  te n  ml sam ples w ere u se d  f o r  e a c h  h e a t  sh o ck  
te m p e ra tu re .  Im m ed ia te ly  a f t e r  c o l l e c t i o n  th e  sam p les  w ere  p la c e d  
in  a n o th e r  c o n s ta n t  te m p e ra tu re  b a th  a t  th e  a p p r o p r ia te  te m p e ra tu re  
f o r  th e  in c u b a t io n  p h a se  o f  th e  e x p e r im e n t .  A f te r  in c u b a t io n  th e  
sam ples w ere  a g a in  c o o le d  i n  an  ic e  b a th  and c e n t r i f u g e d  a t  13*000 
rpm and 0°C f o r  10 m in u te s . The s u p e r n a ta n t  was d e c a n te d , an 
a l i q u o t  (1 m l) o f  t h i s  was d i l u t e d  to  10 ml w ith  d i s t i l l e d  w a te r  
and th e  n u c le i c  a c id  c o n te n t  d e te rm in e d  by UV s p e c tro s c o p y  a t  
260 run.80 The r e s id u e  was t r e a t e d  w i th  5 o f  0 .5N  HCIO4 a t  
73°C f o r  20 m in u te s , c o o le d  in  an  ic e  b a th  and c e n t r i f u g e d  as  ab o v e . 
T h is  e x t r a c t  was u sed  to  d e te rm in e  th e  am ount o f  n u c le i c  a c id s  
re m a in in g  i n  th e  c e l l s  a l s o  by UV s p e c tro s c o p y . The optim um  h e a t  
sh o ck in g  te m p e ra tu re  i s  shown in  F ig u re  12, v a r io u s  h e a t  sh o c k in g  
tim es  and  te m p e ra tu re  a r e  r e p o r te d  in  T a b le s  X I I I  and XIV. T ab le  
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Figure 12. Effect of Heat Shock Temperature upon 
nucleic acid removal. Culture* 
Cellulomonasi age, 5 days* contact 
time, 10 seconds, incubation at 
52-53°C. for 2 hours.
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T ab le  X II I
R ed u c tio n  o f  N u c le ic  A cid  C o n te n t a t  V a rio u s  H eat Shock Times3
H e a t Shock 
Temp. 12 s e c
H eat S hock  Times 
14 se c  16 sec 18  sec
71°C t o .5 £ 42.856 t o . 856 t o -656
72 4 5 .6 4 6 .7 4 5 .8 4 6 .1
73 4 5 .8 4 6 .1 4 5 .2 4 5 .2
7^ 4 2 .3 4 2 .3 4 4 .7 43*6
H e a t Shock 
Temp. 5 s e c




68 °C 3 4 .3  £ to * 356 to -3 #
70 — 4 5 .4 ‘4 8 .2
72 4 5 -3 4 8 .5 49.3
rt _
C e llu lo m o n a s , 5 day c u l t u r e ;  in c u b a t io n ,  52*53 C f o r  2 h r s .
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T able  XIV
g
R ed u c tio n  o f  N u c le ic  A cid Component by H eat Shocking and In c u b a tio n
H ea t Shock 
Time ( s e c )
H eat Shock 
Temp.,°C
cj,, R ed u c tio n  
In  N u c le ic  Acid
^  R ed u c tio n  In  
N u c le ic  A cid by 
H e a t Shock Only
- Incuba te o n ly - Hi- .5
5 70 1*0 .1 8 .7
II 75 3 5 -^ 11.9
11 80 2 5 .7 15.0
10 65° 2l*.7 3-9
11 70 1*1.9 10.1
II 75 3 1 .3 11.9
11 80 2l* .l 17 .8
10 68° 1|0.3
IT 70 1*5.!*
It 72 .5 1*8 .5
15 68° ^3*3
IT 70 1*8 .2 .
11 7 2 .5 1*9-2
a C e llu lo m o n a s ; 5 day c u l t u r e ;  In c u b a tio n  te m p e ra tu re : 52“53°C f o r
2 h r s .
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Table XV
E f f e c t  o f  C u ltu re  Age Upon E f f e c t iv e n e s s  o f  
th e  H eat Shock T rea tm en t9
C u ltu re H ea t Shock In c u b a tio n R eduction  in
A ge, Days Time ( s e c ) Temp.,°C N u c le ic  A c id , $
3 0 51° 5-1
12 11 16 .2
15 11 15.9
18 11 15 .3
3 12 56° 19 .8
15 11 19 .8
18 tt 1 8 .2




5 0 52° 114-.5
10 11 4 8 .5
15 11 4 9 .2
9 0 56° 14.5
12 11 14.5
14 11 1 4 .9
16 11 14 .9
13 0 56° 13 .1
12 It 15 .5
14 rt 14.0
16 it 14 .0
a C e llu lo m o n as ; h e a t  shock  te m p e ra tu re , 7 2 .5 °C ; In c u b a tio n  t im e , 
2 h r s .
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P . P r o te i n  F ib e r  F o rm atio n
Hie t e x tu r i z in g  a b i l i t y  o f  Cellulom onaB c e l l s  was te s t e d  
u s in g  a sp in n in g  a p p a ra tu s  (F ig u re  1 3 ) ,  made from  a 5 ml p ip e t  
m o d ified  to  a c c e p t 0 . 5  in c h  s p in n e r e ts  c o n ta in in g  f o r ty  0 .0 0 5  in ch  
o r i f i c e s .  The sp in n in g  dope was fo rc e d  th ro u g h  th e  s p in n e r e t  w ith  
p o s i t iv e  n i t r o g e n  p r e s s u r e  (4  p s i ) .
C ellu lom onas c e l l s  grown on a l k a l i  t r e a t e d  b ag asse  w ere 
d is ru p te d  by p a ss in g  a 10^ c e l l  su sp e n s io n  th ro u g h  a M anton-G aulin  
H om ogenizer. The SCP and c e l l  d e b r is  w ere i s o l a t e d  by a d ju s t in g  
th e  pH o f  th e  su sp e n s io n  to  ^ w ith  O .5N HCIO4 , c e n t r i f u g in g  and 
f r e e z e - d r y in g .  Hie c ru d e  c e l l  f ra g m e n ts , w hich c o n ta in e d  5^6 
p r o t e in ,  10$ n u c le ic  a c i d s ,  25$ c a rb o h y d ra te s  ( c e l l  w a l ls  and 
r e s id u a l  s u b s t r a t e )  and 6$  a s h , was u sed  to  p re p a re  th e  sp in n in g  
dope. The d is ru p te d  C ellu lom onas c e l l s  (15-20  w t $ )  w ere s l u r r i e d  
in  O .5-I.O N  sodium  h y d ro x id e  s o lu t io n s  and in c u b a te d  a t  37°C fo r  
th e  tim es  in d ic a te d  i n  T ab le  XVI. S in c e  th e  f i b e r s  form ed from  
pure  SCP w ere v e ry  w eak, c a s e in  was added to  th e  dope to  im prove 
th e  m ech an ica l p r o p e r t i e s .  P assage  o f  th e  dope th ro u g h  th e  
s p in n e r e t  two to  th r e e  tim es  b e fo re  e x tru d in g  i t  in to  a c o a g u la t in g  
b a th  removed a i r  b u b b les  and g e l  p a r t i c l e s  and im proved th e  flow  
c h a r a c t e r i s t i c s .  The dope (3  m l) was e x tru d e d  in to  50 ml o f  O .5N 
HCIO4 a t  a r a t e  o f ^ c c /m in , th e  f i b e r  was drawn and a llow ed  to  
soak in  th e  a c id  b a th  f o r  5 m inu tes and th e n  removed and f r e e z e  
d r ie d .  The c o n c e n tr a t io n  o f  n u c le ic  a c id s  in  th e  b a th  was 
d e term in ed  s p e c t r o s c o p ic a l ly  (260 nm)80 and th e  p r o te in  c o n te n t  o f  
th e  f i b e r  and the  b a th  was d e te rm in ed  by th e  Lowry m ethod . 81 The
N INLET
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Table XVI
Reduction of ENA in Cellulomonas by Alkaline Hydrolysis
P r o te in Cone ,Wt$ NaOH Cone.
In c u b a tio n  
Time, 3 h r .
F in a l  C o ag u la tio n  
Bath C om position
F ib e r
C om position
$  RNAb $  P r o te in b $  P ro te in  $ RNA
C ellulom onas 18 1.0N 1 83 1 .6 76 1 .3
ii 11 it 2 89 1-7 79 1 .1
T1 II it k 93 2 .0 1.0
11 11 n 6 9^ 2 .0 ' 82 1 .7
11 15 it k 91
II 20 0.5N k 91
11 20 11 6 96
" + k% c a s e in 20 II 6 6k
" + U$ c a se in 20 1 .ON 6 93
C ase in  +  10$ y e a s t  
RNA
10 0.3N 75
3 S lu r ry  was a g i ta te d  a t  37°C. 
b Wt $ r e l a t i v e  to  i n i t i a l  sample co m p o sitio n .
e f f i c i e n c y  o f  n u c le i c  a c id  rem oval was c o n firm e d  u s in g  a c a s e in  
dope c o n ta in in g  10$ y e a s t  RNA.. The n a tu r e  o f  th e  c o a g u la t in g  b a th  
d id  n o t  a f f e c t  th e  r e s u l t s ;  n u c le i c  a c id  rem oval was e q u a l ly  
e f f i c i e n t  In  0 .5  HC1, c i t r i c  a c id -so d iu m  c i t r a t e  b u f f e r ,  o r  HCIO4 
a t  0 .25N  to  1 .ON. The r e s u l t s  a r e  in  T ab le  XVI.
Q. C e l l  F lo c c u la t io n
I n  T ab le  XVH a re  th e  f l o c c u l a t i n g  a g e n ts  s c re e n e d  f o r  p o s s ib le  
u se  in  a c e l l  h a r v e s t in g  p ro c e d u re .  S to c k  s o lu t io n s  o f  a l l  th e  
p o lym ers w ere p re p a re d  a c c o rd in g  to  th e  m a n u fa c tu re rs  reco m m en d a tio n s . 
The c o n c e n t r a t io n s  o f  th e  s to c k  s o lu t io n s  w ere  such  t h a t  when 
a p p ro x im a te ly  1 ml o f  them was added to  100 ml o f  th e  c u l t u r e  m ed ia , 
th e  f i n a l  c o n c e n t r a t io n  o f  th e  f l o c c u l a n t  was in  th e  d e s i r e d  ra n g e . 
F lo c c u la te  c o n c e n t r a t io n s  one o r d e r  o f  m agn itude  on each  s id e  o f  
th e  recommended d o sag e s  w ere a l s o  t e s t e d .
A m o d if ied  j a r  t e s t  p ro c e d u re  by Wang and G asner72  was used, 
to  t e s t  th e  f l o c c u l a n t s .  An 1 ml sam ple o f  th e  f l o c c u l a t i n g  a g e n t 
was added to  100 ml o f  f r e s h  c u l t u r e  m edia in  a 250 ml f l a s k .  T h is  
m ix tu re  was sh ak e n  f o r  1 m in u te  and  th e  s o l u t i o n  th e n  p o u red  in to  a 
100 ml g ra d u a te d  c y l in d e r .  A f t e r  20 m in u te s , th e  r e a g e n ts  w hich  had 
re d u c ed  th e  o r i g i n a l  c e l l  volum n by a t  l e a s t  50$ w ere c o n s id e re d  
e f f e c t i v e  f l o c c u l a t i n g  a g e n ts .
An a c t i v e l y  grow ing  c u l t u r e  o f  C ellu lo m o n as grown on  a l k a l i  
t r e a t e d  b a g a s se  w i th  a  c e l l  d e n s i t y  o f  5 -5  8^1 d ry  w e ig h t was u s e d . 
The c u l t u r e  m edia had  a pH o f  7 .0  a t  th e  tim e  o f  th e  t e s t .
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Table XVII
P o s s ib le  F lo c c u la t in g  A gents £ o r C e ll H a rv e s t in g
Chem ical F lo c c u la n ts
C o n c e n tra tio n 8 
Range (ppm)
B ets  P o ly m ers , B etz  L a b o r a to r ie s  In c .
B etz 1 1 0 0 , 1110, 1120, 1130, l l t o ,  1175 
1190° and DK-522C
5 0 -0 .5  b
Calgon C o rp o ra tio n
C o ag u lan t A cids 235* 2b3 and 233 
C a t-F lo c  and C a t-F lo c  B
100-1
1000-10
G eneral M i l l s  C hem ica ls , I n c .  
G endriv  162
100-1
Nalco P o ly m ers , Nalco C hem ical Co.
N alco b-2-J  S e r ie s  1 2 , 1 3 , 1^» 13, 1 7 , 18 and 21 
N alco 6 0 0 , 605 and 610
1 0 7 ,c 603c and 607°
5 0 -0 .3
P e t r o l i t e  P o ly m ers, P e t r o l i t e  C o rp o ra tio n  
T o l-F lo c  3 I 5
T o l-F lo c  3 0 0 ,°  3 0 5 ,C 3 1 0 ,C 3 2 0 ,° 323° and 330°
1000-10
V o lc lay  B e n to n i te ,  A m erican  C o llo id  Company 
A cco flo c  350 , 352 and 36 I
500-5
£
Based on m a n u fa c tu re rs  recom m endations. 
b C o n c e n tra tio n  p e r u n i t  volum e o f c u l t u r e  m edia.
c *E f f e c t iv e  f lo c c u la n t s  a t  a c o n c e n t r a t io n  o f 1 g /1 .
The f a i l u r e  o f  a l l  th e  f l o c c u la t i n g  a g e n ts  a t  th e  
c o n c e n tr a t io n s  recommended by th e  m a n u fa c tu re rs  prom pted a f u r t h e r  
s c re e n in g  o f  th e  r e a g e n ts .  A lso in  T ab le  XVII a r e  th e  f l o c c u la t in g  
a g e n ts  w h ich  a re  e f f e c t i v e  a t  a f i n a l  c o n c e n tr a t io n  o f  0 . 1$ .
C ase in  was a l s o  in v e s t ig a te d  a s  a  p o t e n t i a l  f lo c c u la t in g  
a g e n t .  A s o lu t io n  o f  c a s e in  was added  to  th e  c e l l  c u l tu r e  m edia 
to  o b ta in  a p r o te in  c o n c e n tr a t io n  o f  1 .0 $ . T his s o lu t io n  was 
t i t r a t e d  w ith  IN HC1. The e f f e c t  o f  pH on c e l l  f l o c c u la t i o n  in  
t h i s  s o lu t io n  i s  shown i n  T ab le  X V III .
The ex p erim en t was re p e a te d  u s in g  a 0 .5 $  c a s e in  c o n c e n tr a t io n  
w ith  s im i l a r  r e s u l t s .  I f  l e f t  s ta n d in g  f o r  12 h o u rs  th e  1$ c a s e in  
s o lu t io n  a t  pH = 5-5  gave  th e  same r e s u l t s  as  th e  s o lu t io n  a t  pH = 
5 .0 .  C e l l s  t r e a t e d  in  a  s im i la r  m anner w ith  no added  p r o te in  
rem ained  c o m p le te ly  in  s o lu t io n .
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T ab le  X V III
E f f e c t  o f  1^ C ase in  on C e ll F lo c c u la t io n  by pH A djustm en t
pH E f f e c t  on C e l l s 3
7 .0
Ho f lo c c u la t io n  o ccu rs
5 .75
5-50 C e l ls  b e g in  to  ag g lo m era te
5-25 C e l ls  b e g in  to  s e t t l e  from  s o lu t io n
5 .00 F lo c c u la te d  c e l l s  s e t t l e  to  20 cc
volume in  100 ml g ra d u a te d  c y l in d e r
3 C ellu lom onas grown on a l k a l i  t r e a t e d  b a g a s se .
CHAPTER I I I  
DISCUSSION OF RESULTS
A. Introduction9*
The r e c y c l e ,  r e u s e ,  o r  r e c la m a t io n  o f m a te r i a l s  c o n ta in e d  In  
s o l i d  o r  l i q u i d  w a s te s  h a s  now become an econom ic Im p e ra tiv e  due to  
th e  added Im pact o f  new l e g i s l a t i o n  upon th e  a l r e a d y  g r e a t  demands 
o f  th e  en v iro n m en t. C e l lu lo s e ,  i n  i t s  h e te r o g e n e i ty  o f  fo rm s , 
co m p rises  th e  b u lk  o f  b o th  th e  volum e and w e ig h t  o f  a l l  m u n ic ip a l ,  
i n d u s t r i a l ,  and a g r i c u l t u r a l  w a s te s .  A lread y  th e  f l e d g l i n g  r e f u s e  
r e c y c le  i n d u s t r i e s  a r e  f in d in g  th e  f i b e r  f r a c t i o n  o f  t h e i r  
s e g re g a te d  o u tp u t h a rd  to  m arke t a n d , in d e e d , h a rd  to  d is p o s e  o f .
Four y e a r s  ago th e  S y n th e t ic  Foods S tudy  Group a t  L o u is ia n a  
S ta te  U n iv e r s i ty  (LSU) p ro posed  to  d ev e lo p  a p ro c e s s  to  c o n v e r t  
w a s te  c e l l u l o s e  to  s i n g l e - c e l l  p r o t e i n  (SCP) by f e r m e n ta t io n .
P rim ary  a t t e n t i o n  was g iv e n  to  a g r i c u l t u r a l  w a s te  f i b e r s  and  to  
th e  o p t im iz a t io n  o f  th e  p ro c e ss  f o r  a c r i t i c a l  econom ic and 
te c h n ic a l  a n a ly s i s ,
A p ro c e ss  h a s  b een  d ev e lo p ed  to  c o n v e r t  c e l l u l o s i c  w a s te s  to  
m ic ro b ia l  p r o t e in .  The p ro c e d u re  in v o lv e s  f i r s t  t r e a t i n g  a 
c e l l u l o s e  s u b s t r a t e  ( s u g a r  cane b a g a s s e )  w i th  a  c a u s t i c  p r e t r e a tm e n t  
to  a c t i v a t e  i t  to  m ic r o b ia l  a t t a c k .  T h is  t r e a tm e n t  has b een  
s ta n d a rd iz e d  i n  te rm s o f  sodium  h y d ro x id e  c o n c e n t r a t io n  ( 4 ^ ) ,  
t r e a tm e n t  tim e  (30  m in u te s ) ,  te m p e ra tu re  ( 2750F ) ,  and s team  
p r e s s u r e  (30  p s i ) .  T h is  r e l a t i v e l y  se v e re  t r e a tm e n t  n o t  o n ly
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r e n d e r s  th e  c e l l u l o s e  b io d e g ra d a b le  in  a su b se q u e n t f e rm e n ta t io n  
s te p  b u t  i t  a ls o  e f f e c t i v e l y  k i l l s  a l l  c o n ta m in a tin g  o rg a n ism s .
The p ro d u c t a f t e r  a l k a l i  t r e a tm e n t  c an  be washed f r e e  o f  
s o l u b i l i z e d  l i g n i n ,  h e m ic e l lu l o s e s , x y lo s e s ,  e t c . ,  w ith  a y i e ld  
t h a t  depends on th e  o r i g i n a l  a lp h a  c e l l u lo s e  c o n te n t  o f  th e  w a s te . 
On u rb a n  c e l l u l o s l c s  th e  y i e ld s  a r e  abou t 65$  w h ile  on an 
a g r i c u l t u r a l  w a s te ,  such  as  b a g a s s e ,  y ie ld s  ru n  a b o u t 50$■
I f  u rb an  s o l i d  w a ste  i s  t o  be used a s  th e  f e e d ,  th e  
U n ite d  S ta te s  FDA. w i l l  a lm o st c e r t a i n l y  r e q u i r e  a wash s te p  a f t e r  
a l k a l i  t r e a tm e n t b e c a u s e , a c c o rd in g  to  some l im i t e d  s t u d i e s ,  t h i s  
s o l u b i l i z e s  and c a u s e s  rem oval i n  th e  wash s t e p  o f  a la r g e  p o r t i o n  
o f  th e  heavy  m e ta ls  n o rm a lly  a s s o c ia te d  w i th  u rb a n  s o l i d  w a s te .  
F u r th e rm o re , e s s e n t i a l l y  a l l  h e r b i c i d e s ,  p e s t i c i d e s ,  f u n g ic id e s ,  
e t c . , a r e  d ep en d en t upon th e  p re s e n c e  o f a f u n c t io n a l  h a l i d e  f o r  
t h e i r  a c t i v i t y  and m ost o f  th e s e  h a l id e s  sh o u ld  be  h y d ro ly s e d  to  
in n o cu o u s  h y d ro x y l g ro u p s by e x p o su re  to  a l k a l i  a t  th e  h ig h  
te m p e ra tu re s  o f th e  p r e t r e a tm e n t  s te p .
The p ro d u c t p roduced  on s u b s t r a t e  t h a t  h a s  b een  w ashed a f t e r  
t r e a tm e n t  i s  much l i g h t e r  in  c o l o r ,  i s  c l e a n e r ,  more s a n i t a r y  and 
o f f e r s  c o n s id e r a b ly  l e s s  p ro b lem s to  a n a ly s i s  d u r in g  p r o d u c t io n .
The r a t e  o f  co n su m p tio n  o f in s o lu b le  c e l l u l o s e  by th e  o rg an ism s 
d u r in g  f e rm e n ta t io n  i s  enhanced  by th e  a b se n c e  o f  s o lu b le  
c a rb o h y d ra te s  n o rm a lly  removed by  th e  wash s t e p .  Ih e  p re s e n c e  o f  
s o lu b le  c a rb o h y d ra te s  c au ses  th e  r e p r e s s io n  o f  c e l l u l a s e  enzyme 
a c t i v i t y .
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F e rm e n ta tio n  i s  n o rm a lly  c a r r i e d  o u t u s in g  a mixed c u l t u r e  o f  
two b a c t e r i a , C ellu lom onas and A lc a l ig e n e s  f a e c a l i s . The r e a l  
a d v a n ta g e  o f  sy m b io tic  grow th  comes when th e  fe e d  c o n ta in s  s o lu b le  
c a rb o h y d ra te s  b e c a u se  th e  second  o rg an ism  behaveB as  sc a v e n g e rs  
o f  s h o r t  c h a in  o l i g o s a c c h a r i d e s  w hose p re s e n c e  i n h i b i t  c e l l u l a s e  
a c t i v i t y .  One o f  th e  d i f f i c u l t i e s  w ith  t h i s  sy stem  i s  t h a t  th e  
A lc a l ig e n e s  c o n ta in s  an i n t e r n a l  phage o r  ly s in g  a g e n t .  T h is  
u n c o n t r o l le d  ly s in g  g iv e s  s e v e re  o p e r a t io n a l  p ro b le m s , f lo c k in g ,  
and lo s s  o f  p r o t e i n .  E x p erim en ts  w i th  an unknown y e a s t  w h ich  i s  
h ig h  i n  B eta  g lu c o s id a s e  h a s  shown t h a t  th e  A lc a l ig e n e s  c a n  
a d v a n ta g e o u s ly  be re p la c e d  w ith  a  y e a s t  r e f e r r e d  to  a s  Y -1 3 . T here  
a r e  ad v an ta g e s  to  grow ing a y e a s t  s y m b io t ic a l ly  b e ca u se  y e a s t s  
c o n ta in  c e r t a i n  v i ta m in s  and b ehave  a s  f l a v o r in g  a g e n ts  b u t  I t s  
g r e a t e s t  b e n e f i t  comes from  i t s  l a r g e  c e l l  s i z e  w hich  makes 
h a r v e s t i n g  th e  p r o t e i n  much e a s i e r .
H a rv e s t in g  i s  done by a d d in g  s m a ll q u a n t i t i e s  o f  c a t i o n i c  
f l o c c u l a t i n g  a g e n ts  in  v e ry  d i l u t e  w a te r  s o l u t i o n  to  th e  e f f l u e n t  
to  c a u se  l im i t e d  c o a g u la t io n .  T h is  a g g lo m e ra tio n  In c r e a s e s  th e  
p a r t i c l e  s i z e  to  a  p o in t  w here th e y  can  be e a s i l y  spun  o u t  by a 
d e s lu d g in g  c e n t r i f u g e .  The r e s u l t i n g  th i c k  c e l l  s l u r r y  c an  be 
e i t h e r  sp ra y  d r ie d  o r  drum d r ie d  to  a b ro w n ish  y e llo w  f l o u r .  The 
p ro d u c t  w i l l  s e r v e  a s  an  an im al fe e d  su p p lem en t a t  th e  p r e s e n t  
tim e  b u t  i f  c u r r e n t  r e s e a r c h  e f f o r t s  on n u c le ic  a c id  rem oval a re  
s u c c e s s f u l ,  th e  p r o t e in  p ro d u c t  p ro d u ced  from  a g r i c u l t u r a l  c e l l u l o s e  
may someday be u se d  f o r  human fo o d . An in d e p e n d e n t a n a ly s i s  p a id  
f o r  by th e  B e c h te l  C o rp o ra t io n  and p e rfo rm ed  by t h e i r  p e r s o n n e l ,
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i n d i c a t e s  t h a t  by r e p l a c in g  b a g a sse  w ith  u rb a n  s o l id  w a s te ,  one c a n  
c u t  th e  f i n a l  c ru d e  p r o t e i n  c o s t  to  below  15 c e n ts  p e r  pound.
B. E v a lu a t io n  o f  A n a ly t i c a l  T ech n iques
A p r im a ry  o b je c t iv e  o f  th e  p r o j e c t  i s  to  i s o l a t e  th e  p r o t e in  
com ponent o f  th e  s in g l e  c e l l  o rg an ism s i n  a p u re  fo rm . A 
p r e l im in a r y  su rv e y  o f  te c h n iq u e s  f o r  p r o t e i n  i s o l a t i o n  q u ic k ly  
d e m o n s tra te d  th e  n e c e s s i t y  f o r  d e v e lo p in g  a c c u r a te  and p r e c i s e  
a n a l y t i c a l  p ro c e d u re s  f o r  p r o t e i n  d e te r m in a t io n .  F u r th e r ,  a r o u t i n e  
m ethod f o r  a s s a y in g  th e  c o m p o s itio n  o f  th e  h a r v e s te d  c u l t u r e s  was 
r e q u i r e d  s in c e  a n a ly s i s  r e v e a le d  t h a t  th e  p i l o t  p ro d u c t c o n s i s te d  
o f  a m ix tu re  o f  c e l l u l o s e ,  s o lu b le  c a r b o h y d r a te s ,  l i g n i n ,  and 
in o rg a n ic  s a l t s  in  a d d i t io n  to  th e  w hole c e l l s .  The am ount o f  e ach  
im p u r ity  v a r ie d  from  c u l t u r e  to  c u l t u r e ,  d ep en d in g  upon th e  
h a r v e s t i n g  and d ry in g  te c h n iq u e s  em ployed.
S e v e ra l  d i f f e r e n t  a n a l y t i c a l  p ro c e d u re s  f o r  q u a n t i t a t i v e  
d e te r m in a t io n  o f  p r o t e i n  c o m p o s itio n  w ere  i n v e s t i g a t e d .  The 
p ro c e d u re s  w ere  e v a lu a te d  by th e  fo l lo w in g  c r i t e r i a :  a c c u ra c y  on
h e te ro g e n e o u s  p r o t e i n  m ix tu r e s ,  i n t e r f e r e n c e s  from  th e  im p u r i t i e s  
p r e s e n t ,  p r e c i s i o n ,  and tim e  r e q u i r e d  f o r  a n a l y s i s .  The common 
sp e c  tro p h o  tome t r i e  te c h n iq u e s  p r o v e d  to  be b o th  in a c c u r a te  and 
r e l a t i v e l y  im p re c is e  when a p p l ie d  to  w hole c e l l  m ix tu re s .  The 
b i u r e t 09 t e s t  y ie ld e d  c o n s i s t e n t l y  h ig h  r e s u l t s  when com pared w ith  
th e  p r o t e in  c o m p o s itio n  o b ta in e d  from  t o t a l  am ino a c id  a n a l y s i s .
The Lowry91 m ethod was c o n s i s t e n t l y  e q u a l ly  u n s a t i s f a c t o r y ;  th e  
r e s u l t s  w ere  c o n s i s t e n t l y  low and d ep en d en t upon th e  n a tu r e  o f  c e l l
Ok
i s o l a t i o n  te c h n iq u e . C a lc u la t io n  o f  th e  p r o t e in  co m p o sitio n  from 
th e  n i t r o g e n  c o n te n t  was e x tre m e ly  in a c c u r a te ;  p r o te in  c o n te n t  was 
o v e re s tim a te d  by a s  much as 20^  due to  th e  p re se n c e  o f  n u c le ic  
a c id s  and n u t r i e n t  s a l t s .  F i n a l l y ,  th e  n in h y d r in  t e s t  w s b  found 
to  y i e l d  s a t i s f a c t o r y  r e s u l t s  a lth o u g h  th e  p ro ced u re  r e q u ir e d  
p re l im in a ry  h y d r o ly s is  o f  th e  p r o t e in  to  th e  f r e e  amino a c id s .
The h y d r o ly s is  was e f f e c te d  by t r e a t i n g  th e  sam ple w ith  6n 
HC1 a t  1 ^ ° C  in  a s e a le d  tube  u n d e r a n i t r o g e n  a tm osphere  f o r  
fo u r  hourB . N in h y d rin  was d ev e lo p ed  from  th e  amino a c id  m ix tu re  
a c c o rd in g  to  th e  p ro c e d u re  o f  Moore and S t e i n . 83 A com parison  of 
th e  t e s t i n g  p ro c e d u re s  i s  sum m arized in  T a b le  XIX. The n in h y d rin  
t e s t  a lw ays gave r e s u l t s  th a t  w ere w i th in  +  5$  ° f  th e  p r o t e in  
c o n te n t  by amino a c id  a n a ly s i s .  I t s  one d isa d v a n ta g e  was th a t  
i t  i s  n o t  as r a p id  a t e s t  as th e  b i u r e t  o r  Lowry method s in c e  th e  
p r o te in  must be h y d ro ly z e d  to  i t s  f r e e  amino a c id s  b e fo re  
a n a l y s i s .  The slow  d eco m p o s itio n  o f  th e  n in h y d r in  t e s t  s o lu t io n s  
r e q u ir e d  th a t  a s ta n d a rd  sam ple a ls o  be a n a ly z e d  each tim e  the  
t e s t  was u sed . The speed  and s im p l ic i ty  o f  th e  b i u r e t  o r  Lowry 
m ethods make them id e a l  f o r  u se  when q u a l i t a t i v e  p r o te in  a n a ly s is  
i s  r e q u i r e d ,  b u t t h e i r  u se  as  a q u a n t i t a t i v e  p ro ced u re  i n  SCP 
a n a ly s i s  i s  n o t recommended.
The n in h y d r in  p ro ced u re  was a ls o  u sed  to  c o r r e l a t e  th e  K le t t  
p ro c e d u re  f o r  m easu rin g  c e l l  d e n s i ty  w ith  a c tu a l  p r o te in  c o n te n t .  
An a l i q u o t  o f  th e  c u l t u r e  m edia was f i l t e r e d  th rough  a m il l ip o r e  
s c r e e n  to  remove th e  b ag asse  p a r t i c l e s  and th e n  d i lu te d  w ith  two 
volum es o f  e th a n o l .  The c o a g u la te d  p r o te in  and th e  s in g l e  c e l l
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T able  XIX
M ethods f o r  E s tim a tin g  P r o te in  C o n ten t
Sample
Amino Acid 
A n a ly s is
N in h y d rin
T e s t
#  N itro g e n  
D e te rm in a tio n
Lcwry
Method
C ase in 9 3 .5 # 95# 9 5 -3 # 9^#
L ac ta lb u m in ------ 80# 7 8 .9 # ------
Whole C e l l  F r a c t io n s  
1 ^ 5 - ty 7^-3# 1+1#
2 51 .6 # ------ 61+.9# 38#
3 1+6 . 6# 1+8# 61k  9# 38#
1+ 7 8 . 6# 80# ------ ------
5 73-5# 75# ----- ------
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m ix tu re  was i s o l a t e d  by c e n t r i f u g a t i o n ,  d r ie d  and a n a ly z e d  f o r  
p r o t e in  c o n te n t .  T here  i s  a  r e a s o n a b le  c o r r e l a t i o n  betw een  K le t t  
u n i t s  and p r o t e in  c o n te n t  f o r  th e  i n i t i a l  p h a se s  o f  g ro w th , b u t  a 
s i g n i f i c a n t  d e v ia t io n  o c c u rs  when c e l l  d e n s i t i e s  exceed  5- 1+ 8 / l  
o r  th e  c u l t u r e  h a s  been  a llo w ed  to  a g e . The d e v ia t io n s  p ro b a b ly  
r e s u l t  from  th e  ten d en cy  o f  th e  c e l l s  to  undergo  a u to ly s i s  upon 
a g in g  w hich r e l e a s e s  e x t r a c e l l u l a r  p r o t e i n  and p ro d u ces  
ag g lo m m era tio n . F o r tu n a t e ly ,  th e s e  e r r o r s  te n d  t o  make K l e t t  
m easurem ents a c o n s e r v a t iv e  e s t im a te  o f  th e  p r o t e i n  c o n te n t ,  b u t 
a c c u ra te  e s t im a t io n  o f  th e  p r o t e in  c o n te n t  m ust be co n d u c ted  by 
th e  n in h y d r in  p ro c e d u re .
The f i r s t  s te p  in  th e  n in h y d r in  te c h n iq u e ,  a c id  h y d r o ly s i s ,  
i s  a ls o  th e  i n i t i a l  s te p  r e q u i r e d  f o r  th e  a n a ly s i s  o f  th e  p r o te in  
amino a c id  c o m p o s itio n  by g a s  ch ro m ato g rap h y . The amino a c id  
m ix tu re  i s  t r e a t e d  w ith  8n HC1 in  anhydrous p ro p a n o l to  p roduce  
c o rre sp o n d in g  a m in o -a c id  e s t e r s ,  w h ich  a r e  a llo w ed  to  r e a c t  w ith  
h e p ta f lu o r o b u ty r i c  a n h y d rid e  to  form  v o l a t i l e  h e p ta f lu o ro b u ty ra m ld e  
e s t e r s . 84 T hese  d e r iv a t iv e s  can  be a n a ly z e d  q u a n t i t a t i v e l y  w ith  a 
te m p e ra tu re  programmed gas ch ro m ato g rap h  on  a  12  f o o t  colum n o f  
yfc OV-l on  Chromasorb-W . T h is  te c h n iq u e  h a s  b een  s ta n d a rd iz e d  
w ith  a com m ercial a m in o -a c id  m ix tu re  (F ig u re  1+). T h is  o f f e r s  th e  
m ost d e s i r a b l e  ty p e  o f  p r o t e in  a n a l y s i s ,  a  co m p le te  amino a c id  
a n a ly s i s .  The q u a n t i t a t i v e  a n a ly s i s  o f  amino a c id s  by gas 
ch rom atography  r e q u i r e s  th e  u s e  o f  an  i n t e r n a l  s ta n d a r d  ( i . S . )  i f  
th e  p ro c e d u re  i s  to  be b o th  r a p id  and a c c u r a te .  The c u r r e n t  
p ro c e d u re  u se s  j3 -a la n in e . O r n i th in e ,  n o r v a l in e ,  s t e r i c  a c id ,
a -am in o  n - b u t y r i c ,  0-am ino n - b u ty r i c  and jv-am lno b e n z o ic  a c id  
w ere  a l l  i n v e s t i g a t e d  a s  p o s s ib le  I . S .  b u t  w ere  e l im in a te d  due to  
a r e t e n t i o n  tim e  c o rre sp o n d in g  to  a n a t u r a l l y  o c c u r r in g  amino 
a c id ,  p - a la n in e  h a s  a r e t e n t i o n  tim e  be tw een  g ly c in e  and 
v a l i n e .
The a n a ly s i s  o f  an  a c tu a l  SCP sam ple r e q u i r e s  t h a t  th e  
h y d ro ly z e d  p r o t e i n  sam ple be p u t  th ro u g h  a c a t i o n  exchange  column 
b e fo re  d e r i v a t i o n  to  remove i n t e r f e r i n g  im p u r i t i e s .  The u se  o f  an 
X .S . w ith  b o th  a n  am ine and a c a r b o x y l i c  a c id  group  e n a b le s  th e  
compound to  be added  to  th e  h y d ro ly z e d  p r o t e i n  s o l u t i o n  im m ed ia te ly  
a f t e r  h y d r o ly s i s .  Then an io n  exchange c le a n  up o f  th e  sam ple and 
su b se q u e n t d i l u t i o n  o r  c o n c e n t r a t io n  w i l l  n o t  have  any e f f e c t  on 
th e  c a l c u l a t i o n s  f o r  amino a c id  c o n te n t .
N u c le ic  a c id  a n a ly s i s  was co n d u c ted  by th e  m ethod o f  Munro 
and F le c k . 80 T h is  p ro c e d u re  o f f e r s  a r a p id  means o f  d e te rm in in g  
SNA and DNA c o n te n t  o f  a sam ple w ith  a minimum am ount o f  sam ple 
p r e p a r a t i o n .  I t  i s  a l s o  th e  p ro c e d u re  recommended by th e  P r o te in  
A d v iso ry  Group o f  th e  U n ite d  N a tio n s  System  f o r  u se  i n  a n a ly s i s  o f  
SCP p r o d u c t s . 95  The o r c in o l  p ro c e d u re 06  was e v a lu a te d  f o r  RNA 
a n a l y s i s .  H ow ever, due to  th e  p re s e n c e  o f  l a r g e  am ounts o f  
i n t e r f e r i n g  s u g a rs  from  th e  c e l l u l o s e  c u l t u r e  m edia t h i s  p ro c e d u re  
was d ropped  in  f a v o r  o f  UV a n a l y s i s .  The m ain d is a d v a n ta g e  o f  
u s in g  UV a n a ly s i s  to  d e te rm in e  n u c l e i c  a c id  c o n te n t  o c c u rs  when 
a n a ly z in g  sam p les  grown on s u g a r  can e  b a g a s s e .  T hese sam ples 
c o n ta in  h ig h ly  c o lo r e d  m a te r ia l  ( l i g n i n )  w hich  i n t e r f e r e  in  th e  
a n a ly s  i s .
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C. M ethods o f  P r o te in  E x t r a c t io n
The u se  o f  an a lk a l in e  b u f f e r  s o lu t io n  to  s o l u b i l i z e  and 
e x t r a c t  p r o te in s  i s  a w e ll  known te c h n iq u e  in  p r o t e in  c h e m is try . 
T h is p ro c e d u re  was u sed  to  form p r o t e in  e x t r a c t s  from  C ellu lom onas 
and A lc a lig e n e s  c e l l s .  S e c tio n  H o f  C h ap ter I I  o u t l in e s  th e  
e x p e r im e n ta l p ro c e d u re  used and T a b le s  I I I  th ro u g h  VI g iv e  th e  
r e s u l t s  o f  a n a ly s is  o f  th e  p ro d u c ts  o b ta in e d . The p r o te in  c o n te n t  
o f  th e  i n i t i a l  p ro d u c t (T ab le  IV ) can  be in c re a s e d  s l i g h t l y  by 
rem oving th e  l i p i d s  and o rg a n ic  s o lu b le  m a te r ia l  (T ab le  V ). 
However, i t  i s  d o u b tfu l  i f  t h i s  s te p  i s  n e c e s sa ry  and would e v e r  
be in c o rp o ra te d  in to  a SCP p ro c e ss  s in c e  th e  p re se n c e  o f l i p i d s  
i n  th e  p ro d u c t  would o n ly  low er th e  p r o te in  c o n te n t  by a sm all
90p e rc e n ta g e  and would have  no a d v e rse  e f f e c t s .  The u se  o f  MnCl2 
a s  a a g e n t f o r  n u c le ic  a c id  rem oval was u n s u c c e s s fu l  in  th e  sen se  
t h a t  some o f  th e  p r o t e in  was p r e c i p i t a t e d  a lo n g  w ith  th e  n u c le ic  
a c id s .  T h is  MhCl2 p r e c i p i t a t e  gave a p o s i t iv e  t e s t  to  th e  b i u r e t  
r e a g e n t  and th e  amino a c id  a n a ly s is  o f  th e  p ro d u c t (T ab le  V i) 
in d ic a te d  t h a t  th e  p r o te in  c o n te n t  had  dropped by 6$ from  T ab le  
V. A lso  th e  MnCl2  r e a g e n t  rem ained  to  some e x te n t  in  th e  
p r o te in  p ro d u c t  w hich was very  u n d e s i r a b le .  T a b le  I I I  h as  th e  e l ­
e m e n t a l  a n a ly s i s  o f  th e  p ro d u c ts .  There i s  a g a in  l i t t l e  
c o r r e l a t i o n  betw een n i t r o g e n  c o n te n t  and amino a c id  a n a ly s i s .  The 
Lowry M ethod91 gave r e s u l t s  w hich w ere  in c o r r e c t  by a p p ro x im a te ly  
10j6.
I t  was h o ped  th a t  th e  e le m e n ta l  a n a ly s i s  m ig h t p ro v id e  some 
In fo rm a tio n  a s  to  th e  am ount o f  c e l l u l o s e  im p u r i t i e s  p r e s e n t  In  
SCP p r o d u c ts .  However no r e l a t i o n s h i p  c o u ld  be d i s c e r n e d .
The a l k a l i n e  b u f f e r  e x t r a c t i o n  o f  p r o t e in  from  C ellu lom onas 
was r e p e a te d  u s in g  a sam ple grown on a l k a l i  t r e a t e d  b a g a s se  on a 
p i l o t  p l a n t  s c a l e .  T ab le  XX g iv e s  th e  c o m p o s itio n  o f  th e  o r i g i n a l  
SCP p r o d u c t .  The w hole  c e l l s  w ere  e x t r a c te d  f i r s t  t o  o b ta in  
e x te r n a l  p r o t e i n  ( F r a c t io n  A ). F r a c t io n  B was o b ta in e d  from  th e  
c e l l s  a f t e r  th e  c e l l  w a l l s  w ere  r u p tu r e d ,  and F r a c t io n  C was th e  
p r o te in  e x t r a c t e d  from  th e  c e l l  w a l l s .  The r a t i o  o f  th e  p r o te in  
y ie ld  fro m  each  f r a c t i o n  was 1 ;3 :0 .5  f o r  F r a c t io n  A , B , and C 
r e s p e c t i v e l y .  The am ino a c id  c o m p o s itio n  o f  th e s e  f r a c t i o n s  a r e  
c o n ta in e d  i n  T ab le s  XXI, X X II, and X X III r e s p e c t i v e l y .  The v e ry  
low p r o t e i n  c o n te n t  o f  th e s e  sam ples was due to  th e  p re s e n c e  o f  
la r g e  am ounts o f  im p u r i t i e s .  The r e s u l t s  i n d i c a t e  t h a t  th e r e  I s  a 
s u b s t a n t i a l  amount o f  e x t r a c e l l u l a r  p r o t e i n  p r e s e n t  (T ab le  XXI) in  
th e  h a r v e s te d  SCP p ro d u c t .  The c e l l s  th e m se lv e s  y ie ld e d  th r e e  
tim es th e  e x t r a c e l l u l a r  p r o te in  (T ab le  X X II) and o n e ~ h a lf  th e  
amount o f  th e  e x t r a c e l l u l a r  p r o t e in  c o u ld  be e x t r a c te d  from  th e  
c e l l  w a l l s  (T ab le  X X II l) .  I f  optimum p r o t e in  y i e l d s  a r e  to  be 
o b ta in e d  from  a f e rm e n ta t io n  m ed ia , th e  i n i t i a l  h a r v e s t in g  o f  th e  
c e l l s  sh o u ld  be c a r e f u l l y  m o n ito red  to  p re v e n t  any p r o t e in  lo s s  
th ro u g h  d i s p o s a l  o f  th e  c u l t u r e  m ed ia . I f  th e  c e l l s  a r e  h a rv e s te d  
by c e n t r i f u g a t i o n  an a d ju s tm e n t o f  th e  pH to  betw een  14-.0 to  I4-.7 
w i l l  r e s u l t  in  t o t a l  rem oval o f  th e  c e l l s  and p r o t e i n  from  th e  
c u l tu r e  m ed ia . The p r o t e i n  e x t r a c te d  from  th e  c e l l  w a l ls
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Table XX
C ellu lo m o n as Grown on A l k a l i  T re a te d  B agasse
P e rc e n t  o f
Amino A cid P e rc e n t  o f  Sam ple T o ta l  P e p t id e  A.A.
L y s in e 2 .3 3 7 -8 7
H i s t i d i n e 0 .8 6 2 .9 1
A rg in in e 2 .2 0 7-k3
A s p a r t i c  a c id 2 .8 0 9 -k6
T h reo n in e 1 . 3k 5 .2 0
S e r in e l . o k 3 .5 1
G lu tam ic  a c id 3 .6 7 1 2 . 1*0
P r o l in e 1 .0 8 3 .6 5
G ly c in e 1 .8 2 6 .1 5
A la n in e 3 .1 8 1 0 .7 k
V a lin e 2 .1 6 7 .3 0
M eth io n in e 0 . 6k 2 .1 6
I s o le u c in e 1 .3 2 k .k 6
L e u c in e 2 .8 9 9 .7 6
T y ro s in e 0 .8 1 2 . 7k
P h e n y la la n in e 1 .2 6 k .26
T o ta l  Amino A cid 2 9 .6 0 100 .00
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Table XXI
P r o te i n  E x t r a c t  from  Whole C ellu lo m o n as C e l l s ,  F r a c t io n  A
P e r c e n t  o f
Amino A cid  P e rc e n t  o f  Sam ple T o ta l  P e p t id e  A.A.
L y s in e O .58 7-7 0
H is t i d i n e 0 .1 7 2 .2 6
A rg in in e O .36 l* .78
A s p a r t ic  a c id 1 .0 3 1 3 .6 7
T h reo n in e 0 . 1*1 5 .1*1*
S e r in e 0 .3 0 3 .9 8
G lu tam ic  a c id 1 .0 7 11*. 21
P r o l in e 0 . 2l* * 3 -1 8
G ly c in e 0 .8 6 1 1 . 1*2
A la n in e O .58 7 .7 0
V a lin e 0  ,l}-2 5 .5 8
M eth io n in e 0 .0 7 0 .9 3
I s o le u c in e 0 .3 5 i*.65
L eu c in e o . 6k 8 .5 0
T y ro s in e 0 .1 8 2-39
P h e n y la la n in e 0 .3 2 l*-25
T o ta l  Amino A cid 7 -5 3 100.61*
Table XXII
P r o te i n  E x t r a c t  from  D is in te g r a t e d  C e llu lo m o n as  C e l l s ,  F r a c t io n  B
P e rc e n t o f
Amino A cid  P e rc e n t  o f  Sample T o ta l  P e p tid e  A .A.
L y s in e 2 .1 1 7 .7 8
H is t i d in e 0 . 6^ 2 .3 6
A rg in in e 1 .3 2 U.8 7
A s p a r t ic  a c id 3 .7 8 1 3 .9 ^
T h ero n in e 1 .7 7 6 .5 3
S e r in e 1 .3 8 5 .0 9
G lu tam ic  a c id 3 .2 8 12.09
P r o l in e o „86 3 .1 7
G ly c in e 1 .6 2 5 -9 7
A la n in e 2 .0 3 7 .^ 8
V a lin e 1 . 8^ 6 .7 8
M eth io n in e 0 .2 7 0 .9 9
I s o le u c in e 1 A 8 5.^6
L eu c in e 2 .6k 9 -7 3
T y ro s in e 0 .7 9 2 .9 1
P h e n y la la n in e 1 .31 fc.83




R e s id u a l P r o t e i n  from  C ellu lo m o n as C e l l  W a l l s ,  F r a c t io n  C
P e rc e n t  o f
Amino A cid  P e rc e n t  o f  Sample T o ta l  P e p t id e  A.A.
L y s in e 1 .1 9 8 .0 8
H is t id in e 0  .ij-6 3 .1 2
A rg in in e 0 .7 0 ^•75
A s p a r t ic  a c id 2 .0 6 13 .99
T h reo n in e 0 .9^ 5 .7 0
S e r in e O.Tb 5 .0 2
G lutam ic  a c id 1 .7 8 1 2 .0 8
P r o l in e 0 . 4 7 3-19
G ly c in e 0 .9 2 6 .2 5
A la n in e 1 .1 2 7 .6 0
V a lin e 0 . 9 k 6 .3 8
M eth io n in e 0 . 2  6 1 .7 7
I s o le u c in e 0 .7 8 5-29
L eu c in e 1 .3 1 8 .8 9
T y ro s in e 0  A 2 2 .85
P h e n y la la n in e 0 . 6U k*3b
T o ta l  Amino A cid 1 ^-7 3 9 9 .3 0
(T ab le  X X H l) i s  a l s o  an  im p o rta n t p a r t  o f  th e  SCP p ro d u c t .  S in ce  
an e x t r a  s te p  to  e x t r a c t  t h i s  p r o te in  would be c o s t l y ,  in c lu s io n  
o f  t h i s  p r o te in  in  th e  SCP p ro d u c t can  be a ssu re d  by d e le t in g  a
s te p  to  remove th e  c e l l  w a l ls  th e m se lv e s .
The u se  o f  an  a lk a l in e  b u f f e r  to  o b ta in  a p r o t e in  e x t r a c t  
a ls o  e x t r a c t s  th e  n u c le i c  a c id s  and th e s e  m ust be removed l a t e r .  
L ig n in  i s  a ls o  v e ry  s o lu b le  in  an a lk a l in e  media and would be 
in c o rp o ra te d  in to  th e  p r o te in  f r a c t i o n .  L ig n in  h a s  been  i s o la te d  
from  a h a rv e s te d  C ellu lom onas c u l tu r e  (C h ap te r X I, S e c tio n  G ). 
A cco rd ing  to  D eStevens and N ord88 enzyme a c t io n  on c e l lu lo s e  
r e l e a s e s  c h e m ic a lly  bound l i g n i n .  In  th e  a l k a l i  p r e tre a tm e n t o f  
th e  b a g a sse  la rg e  amounts o f l i g n i n  a re  rem oved, how ever, as th e  
C ellu lom onas d eg rad e  th e  c e l l u lo s e  f u r t h e r  th e  re m a in in g  l i g n in  
w i l l  be  r e l e a s e d .  T h is  l i g n i n  i s  a c id  in s o lu b le  and i s
p r e c i p i t a t e d  a lo n g  w ith  th e  c e l l s  i f  a pH a d ju s tm e n t to  4 .0  to
4 -7  i s  u sed  to  h a r v e s t  th e  c e l l s  b e fo re  c e n t r i f u g a t io n .  The 
l i g n i n  i s  th e n  e x t r a c te d  w ith  th e  p r o te in  and g iv e s  i t  a dark  
brown c o lo r .
The u se  o f  an  a c id  e x t r a c t i o n  scheme was a l s o  in v e s t ig a te d  
as  a  means o f  o b ta in in g  a p r o te in  c o n c e n t r a te .  E x t r a c t io n  o f  
C ellu lom onas f o r  10 minuteB w ith  O. lN HCl a t  25°C (T ab le  V II) was 
r e l a t i v e l y  i n e f f e c t i v e .  Over 58 p e rc e n t  o f  th e  s t a r t i n g  m a te r ia l  
rem ained  w ith  th e  c e l l  w a ll  f r a c t i o n .  To im prove th e  e f f e c t iv e n e s s  
o f  th e  a c id  e x t r a c t i o n  te c h n iq u e  a lo n g e r  in c u b a t io n  tim e was 
in v e s t ig a te d .  A sy m b io tic  c u l tu r e  o f  C ellu lom onas and A lc a lig e n e s  
was u s e d . The amino a c id  co m p o sitio n  o f  t h i s  m a te r ia l  i s  r e p o r te d
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i n  T ab le  V I I I .  T ab le  IX sum m arizes th e  p ro d u c t y i e ld  o b ta in e d  
u s in g  d i f f e r e n t  a c id  c o n c e n tr a t io n s  f o r  p r o t e i n  e x t r a c t i o n .  The 
lo n g e r  e x t r a c t i o n  t im e s , 20 h o u rs  v e r s u s  10 m in u te s  r e s u l t e d  in  
70 to  80^  o f  th e  s t a r t i n g  m a te r ia l  b e in g  e x t r a c te d  i n to  th e  a c id  
m ed ia . The much lo n g e r  tim es  e n a b le s  m ore p r o t e i n  to  be removed 
from  th e  c e l l  w a l l s .  They a l s o  r e s u l t e d  in  more sam ple b e in g  l o s t  
d u r in g  th e  d i a l y s i s  s t e p .  However, n o t  a l l  o f  th e  sam ple l o s t  i s  
p r o t e i n ,  m o n ito r in g  th e  d i f f u s a t e  i n  a l l  o f  th e s e  e x p e rim en ts  by 
UV a n a ly s i s  in d ic a te d  t h a t  n u c le ic  a c id  com ponents w ere  b e in g  
l o s t .
The e f f e c t  o f  a c id  h y d r o ly s is  on p u re  A lc a l ie e n e s  was a l s o  
i n v e s t i g a t e d .  The am ino a c id  c o m p o s itio n  o f  th e s e  c e l l s  i s  g iv e n  
i n  T a b le  X I . U sing s h o r t e r  h y d r o ly s is  tim es  a t  h ig h e r  a c id  
s t r e n g th s  i t  was p o s s ib le  to  r e c o v e r  g r e a t e r  th a n  80 >̂ o f  th e  
s t a r t i n g  m a te r ia l  (T a b le  X ). The c e l l  w a l ls  w ere  n o t  rem oved.
The p r o t e i n  c o n te n t  o f  th e  p ro d u c t o b ta in e d  i s  e s s e n t i a l l y  t h a t  o f  
th e  s t a r t i n g  m a t e r i a l .  T h is  would i n d i c a t e  t h a t  o n ly  th e  n u c le ic  
a c id  com ponents and a s m a ll  amount o f  low m o le c u la r  w e ig h t p ro te in B  
a r e  l o s t .
I t  was th o u g h t t h a t  th e  u se  o f  a d i a l y s i s  membrane w ith  th e  
p o re  s i z e  re d u c ed  th ro u g h  a c e t y l a t i o n  w ould p re v e n t  some p r o te in  
l o s s ;  h o w ev er, th e r e  I s  v e ry  l i t t l e  d i f f e r e n c e  be tw een  th e  two 
ty p e s  o f  membranes u s in g  0 . 5N HC1 1T a b le  X ). The e x te n t  o f  
n u c le i c  a c id s  lo s s  i s  more s e n s i t i v e  to  p o re  s i z e .  I t  a p p ea rs  
t h a t  a t  a c o n c e n t r a t io n  o f  1.0N HC1 th e  n u c le i c  a c id s  a r e  a lm o s t 
c o m p le te ly  h y d ro ly z e d  to  low m o le c u la r  w e ig h t com ponents w hich  a r e
l o s t  on d i a l y s i s .  In  O .5N HC1 th e r e  m ust be h ig h e r  m o le c u la r  
w e ig h t n u c le i c  a c id  frag m e n ts  re m a in in g , f o r  when th e  p o re  s i z e  o f  
th e  d i a l y s i s  membrane i s  d e c re a se d  th e  e x te n t  o f  n u c le i c  a c id  
re d u c t io n  a l s o  d e c r e a s e s .
D. Removal o f  N u c le ic  A c id 8
A m ajo r p rob lem  in  u t i l i z i n g  SCP a s  a p o s s ib le  p r o t e in  so u rc e  
f o r  human co n su m p tio n  i s  i t s  h ig h  n u c le ic  a c id  c o n te n t .  S e v e ra l  
te c h n iq u e s  h av e  been  in v e s t ig a te d  to  re d u c e  t h i s  n u c le i c  a c id  
c o n te n t to  pn a c c e p ta b le  l e v e l .
The p o t e n t i a l  o f  u s in g  a c id  h y d r o ly s is  f o r  n u c le i c  a c id  
rem oval was d e m o n s tra te d  by h y d ro ly s in g  y e a s t  RNA i n  1.0N HC1 a t  
37°C fo r  12 h o u rs  and th e n  d ia ly z in g  f o r  12-5 h o u rs  a g a in s t  
d i s t i l l e d  w a te r .  A t th e  end o f  th e  d i a l y s i s ,  9 ! $  t l̂e  RNA had 
d i f f u s e d  th ro u g h  th e  d i a l y s i s  membrane. D ia ly s i s  o f  an  u n t r e a te d  
sam ple o f  ENA i n  d i s t i l l e d  w a te r  y ie ld e d  o n ly  7$  low m o le c u la r  
w e ig h t n u c le ic  a c id s  in  th e  d i a l y s a t e .  T rea tm en t o f  DNA un d er 
s im i la r  c o n d i t io n s  p roduced  a 5 r e d u c t i o n  in  th e  DNA c o n te n t  
(F ig u re  7 )* S e le c t iv e  h y d r o ly s i s  h a s  b een  a p p l ie d  s u c c e s s f u l ly  to  
th e  p u r i f i c a t i o n  o f  s in g le  c e l l  p r o t e i n  from  a C e llu lo m o n a s- 
A lc a lig e n e s  c e l l  cream  a s  w e l l  a s  p u re  c e l l  c u l t u r e s  grown on 
n o n - c e l lu lo s i c  m edia . The c e l l s  a re  p a s s e d  th ro u g h  a M anton- 
G au lin  C e l l  H om ogenizer a s  a 1 0 s u s p e n s i o n  to  r u p tu r e  th e  c e l l  
w a l ls  and th e n  f r e e z e - d r i e d  in  o rd e r  to  o b ta in  q u a n t i t a t i v e  
re c o v e ry  d a t a .  Sam ples grown on b a g a s s e  w ere d is s o lv e d  i n  1.0N 
HC1 and h y d ro ly z e d  f o r  s e v e r a l  h o u r s .  The c e l l s  c an  th e n  be
9T
c e n tr i f u g e d  to  remove th e  l a r g e r  c e l l  w a l l  frag m en ts  and a c id  
in s o lu b le  im p u r i t i e s .  The p r o te in  rem ains d is s o lv e d  in  th e  
s u p e rn a ta n t  b ecau se  th e  pH i s  below  th e  i s o e l e c t r i c  p o in t .  T h is 
s o lu t io n  i s  n e a r ly  c o lo r l e s s  s in c e  th e  d a rk -c o lo re d ,  a c id - I n s o lu b le  
l ig n in  can  be removed by th e  c e n t r i f u g a t io n  s t e p .  The p r o t e i n  
from  some A lc a lig e n e s  c e l l  c u l tu r e s  grown on d i f f e r e n t  m edia 
f a i l e d  to  c o m p le te ly  d is s o lv e  in  1.0N HCl due to  v a r i a t i o n s  in  
th e  c e l l  h a r v e s t in g  te c h n iq u e s ,  b u t  th e  n u c le i c  a c id s  in  th e  c e l l  
su sp e n s io n  ap p ea red  to  h y d ro ly se  a s  r a p id ly  a s  th o s e  in  a  s o lu t io n .  
The hom ogenized c e l l s  w ere a llo w ed  to  s ta n d  a t  3f°C  f o r  10-12  
h ou rs  to  a s s u r e  maximum h y d ro ly s is  o f  th e  n u c le ic  a c id  com ponent. 
Longer h y d r o ly s is  tim es f a i l e d  to  In c re a s e  th e  amount o f  
m o n o n u c leo tid es  e x t r a c te d  to  any s i g n i f i c a n t  e x t e n t .  R a is in g  th e  
h y d ro ly s is  te m p e ra tu re  to  50°C d id  n o t  red u ce  th e  r e a c t io n  tim e 
enough to  com pensate f o r  th e  a c c e le r a te d  h y d r o ly s is  o f  th e  p r o te in  
component a t  h ig h e r  te m p e ra tu re s .
F o llo w in g  th e  h y d r o ly s is  s t e p ,  th e  p r o t e in  s o lu t io n  o r  
su sp e n s io n  i s  ch arg ed  in to  a seam less  r e g e n e ra te d  c e l l u lo s e  
d i a ly s i s  tu b e  and d ia ly z e d  w ith  d i s t i l l e d  w a te r  to  remove th e  
r e s id u a l  n u t r i e n t  s a l t s  and th e  m o n o n u c le o tid e s . The d i a l y s i s  
s te p  does n o t  ap p ea r to  be a f f e c t e d  by th e  p h y s ic a l  s t a t e  o f  th e  
p r o te in  e x t r a c t ;  e q u a l ly  good r e s u l t s  w ere o b ta in e d  on e i t h e r  
p r o te in  s o lu t io n s  o r  s u s p e n s io n s . S in ce  th e  A lc a lig e n e s  c e l l s  
w ere c o m p le te ly  f r e e  o f  c o lo re d  c o n ta m in a n ts , more p r e c is e  
a n a ly t i c a l  d a ta  c o u ld  be o b ta in e d  by u l t r a v i o l e t  sp e c tro sc o p y  
and th e s e  c e l l  c u l tu r e s  w ere u sed  to  o p tim iz e  th e  e x p e r im e n ta l
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c o n d i t io n s  f o r  n u c le ic  a c id  rem o v a l. A p p ro x im a te ly  o n e - h a l f  o f  
th e  i n i t i a l  n u c le ic  a c id  c o n te n t  can  be removed w i th in  fo u r  h o u rs  
r e g a r d l e s s  o f  th e  m ethod o f  p r e t r e a tm e n t  (F ig u re  9 ) -  H ow ever, 
f u r t h e r  d i f f u s i o n  o f  m o n o n u c leo tid es  i s  d e p en d e n t upon th e  
c o n c e n t r a t io n  o f  h y d r o c h lo r ic  a c id  em ployed in  th e  h y d r o ly s is  
s t e p .  In  g e n e r a l ,  th e  r e s id u a l  n u c le i c  a c id  c o n te n t  was l e s s  th a n  
I5j6 o f  th e  o r i g i n a l  c o n te n t  i f  th e  h y d r o ly s is  m edia was a t  l e a s t  
1.0N  in  h y d ro c h lo r ic  a c i d .  H ig h e r a c id  c o n c e n t r a t io n s  (F ig u re  10) 
f a i l e d  to  y i e ld  a s i g n i f i c a n t  im provem ent in  th e  n u c le i c  a c id  
rem o v a l and prom oted a more r a p id  h y d r o ly s is  o f  th e  p r o t e in .  The 
d i a l y s i s  p ro c e s s  ap p ea re d  to  be  co m p le te  a f t e r  tw e lv e  h o u r s , b u t  
an  a c c e p ta b le  l e v e l  o f  th e  o v e r a l l  n u c le ic  a c id  c o n te n t  o f  th e  
p r o t e i n  i s o l a t e  c o u ld  be  o b ta in e d  in  I4--6 h o u r s .  A d d it io n  o f  
e th y le n e  d iam ine  t e t r a a c e t l c  a c id  (eDIA) a p p e a rs  to  be a s  e f f e c t i v e  
as  0 .5N  KOH and IN HC1 in  re d u c in g  th e  n u c le ic  a c id  c o n te n t  
(F ig u re  8 ) .
When th e  d i a l y s i s  s te p  i s  c o m p le te d , th e  p r o t e i n  can  be 
i s o l a t e d  by f r e e z e - d r y in g  th e  r e t e n t a t e .  The p ro d u c t  i s  a 
t a s t e l e s s ,  o d o r le s s ,  c re a m -c o lo re d  f l o u r  w hich  c o n ta in s  a p p ro x im a te ly  
50 -7556 p r o t e in  and 2 -k ^  n u c le i c  a c i d s .  Some low m o le c u la r  w e ig h t 
p r o t e i n s  a r e  l o s t  i n  th e  d i f f u s i o n  s t e p ,  b u t  8O56 o f  th e  s t a r t i n g  
r i t e r i a l  i s  re c o v e re d  r e g a r d le s s  o f  th e  s e v e r i t y  o f  th e  h y d r o ly s is  
s t e p .  (T ab le  X X IV .)  The a c id  h y d r o ly s i s  does n o t  a p p ea r to  
i n c r e a s e  th e  p e rc e n ta g e  o f  d i f f u s a b le  c e l l  com ponents o th e r  th a n  
n u c l e i c  a c id s .  The p r o t e i n  c o n te n t  o f  th e  i s o l a t e  i s  e s s e n t i a l l y  
t h a t  o f  th e  i n i t i a l  c e l l  su sp e n s io n  s in c e  no e f f o r t  was made to  
rem ove th e  c e l l  w a l l  frag m e n ts  in  t h i s  s tu d y .
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T ab le  XXIV 
C om position  o f  S in g le  C e l l  I s o l a t e s
Run #
a
H y d ro ly s is
M edia
R ecovery  o f  
S t a r t i n g  M a t e r i a l ,  ^
T re a te d  I s o l a t e ^  
P r o t e i n ,  $  N u c le ic  A c id , $
20° H20 d 7 9 .5 75 8 .9
20 H20 81 71 5 ^
20 0.5N HC1 8 3 .5 71 1 .9
20 1 .ON HCl 79-5 73 1-5
39 6 H20 69 U8 7 -6
39 1.0N HCl 79 55 2 .7
39f 1.0N HCl 82 — 5 -9
3 H y d ro ly zed  f o r  12 h o u rs  a t  3 7 °  •
A f te r  12 h o u r  d i a l y s i s  w ith  d i s t i l l e d  w a te r .
°  Run #20 , A lc a l ig e n e s  grown on d e x t r o s e ,  hom ogenized , 78$  p r o t e i n ,  
9 -5 5 #  n u c le i c  a c id s .
d No h y d r o ly s i s .
e Run #39» A lc a l ig e n e s  grown on l a c t o s e ,  hom ogen ized , 55$ p r o t e i n ,  
8 .98$  n u c le i c  a c id s .
^ H y dro lyzed  f o r  1 h o u r a t  50°C.
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A p p a re n tly  one o£ th e  a r e a s  f o r  im provem ent in  t h i s  
p u r i f i c a t i o n  scheme i s  th e  d i a l y s i s  s t e p .  A means o f  p ro v id in g  a 
s h a r p e r  m o le c u la r  w e ig h t s e p a r a t io n  in  a much f a s t e r  p ro c e d u re  was 
d e s i r a b l e .  The u se  o f  an  u l t r a f i l t r a t i o n  s t e p  to  r e p la c e  th e  
d i a l y s i s  p ro c e d u re  was I n v e s t ig a t e d  (T ab le  XIX) .  The r e s u l t s  
i n d i c a t e  t h a t  95 p e r c e n t  o f  th e  p r o t e in  c an  be  r e t a in e d  w h ile  th e  
n u c le i c  a c id  c o n te n t  o f  SCP re d u c e d  by o v e r  80 p e r c e n t .  H ow ever, 
one o f  th e  g r e a t e s t  im pedim ents to  th e  u se  o f  u l t r a f i l t r a t i o n  i s  
c o n c e n t r a t io n  p o l a r i z a t i o n ,  th e  a c c u m u la tio n  o f  m a c ro so lu te  a t  th e  
membrane s u r f a c e  t h a t  b o th  r e s t r i c t s  flo w  and a l t e r s  membrane 
s e l e c t i v i t y .  The ty p e  o f a p p a r a tu s  u sed  In  th e s e  e x p e r im e n ts  
o p e ra te d  a t  an  optimum w ith  a s o lu te  c o n c e n t r a t io n  o f  1 p e r c e n t ,
10 p e r c e n t  b e in g  n e a r  th e  u p p e r m ost l i m i t .  T hese p a r t i c u l a r  
c o n d i t io n s  w ould be im p r a c t ic a l  f o r  u se  u n d e r  i n d u s t r i a l  c o n d i t io n s .
S in c e  th e  u l t im a te  o b je c t iv e  o f  t h i s  p r o j e c t  I s  to  f a b r i c a t e  
s in g le  c e l l  p r o t e i n ,  th e  p h y s ic a l  p r o p e r t i e s  o f  th e  p r o t e i n  
com ponent w ere  exam ined . An e f f o r t  was made to  d e te rm in e  th e  
av e rag e  m o le c u la r  w e ig h t and th e  m o le c u la r  w e ig h t  d i s t r i b u t i o n  
(MHD) by  g e l  f i l t r a t i o n  on Sephadex  co lum ns. The r e s u l t s  w ere 
n o t  v e ry  s a t i s f a c t o r y ;  th e  p r o t e i n  m ix tu re  c o n s i s t s  o f  a c o n tin u o u s  
ran g e  o f  m o le c u la r  w e ig h t com ponents o f  e q u a l  c o n c e n t r a t io n  from  
a p p ro x im a te ly  2 -5  x  105 to  o l ig o m e rs . P r e f r a c t i o n a t i o n  o f  th e  
sam ples by u l t r a f i l t r a t i o n  b e f o r e  ru n n in g  them  th ro u g h  th e  Sephadex 
colum ns re d u c e d  th e  w id th  o f th e  m o le c u la r  w e ig h t  d i s t r i b u t i o n  b u t  
th e  MWD was s t i l l  to o  b ro ad  to  d e te rm in e  th e  e f f e c t  o f  th e  a c id  
t r e a tm e n t  on th e  MHD. An a l t e r n a t e  and m ore d e f i n i t i v e  p ro c e d u re
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was th e  u se  o f  p u r i f i e d  p r o t e in  sam ples o f  known m o le c u la r  w e ig h t. 
The e x te n t  o f  d e g ra d a tio n  o f  two m onod isperse  enzym es, a lc o h o l 
deh ydrogenase  and c a ta la s e  was m easured by g e l p e rm e a tio n  
ch rom atography  on Sephadex G -200. I t  was observed  (F ig u re  11) 
t h a t  th e  m o le c u la r  w e ig h t o f  th e  c a t a l a s e  drops from  230 ,000  to  
10 ,300  a f t e r  t r e a tm e n t  w ith  1.0N HCl f o r  12 hours a t  37°C . Under 
s im i l a r  c o n d i t io n s  th e  m o le c u la r  w e ig h t o f  a lco h o l dehydrogenase  
i s  red u ced  from  150,000  to  lt-5 ,000  i n d i c a t in g  th a t  r e l a t i v e l y  h ig h  
m o le c u la r  w e ig h t p r o te in  frag m en ts  re m a in  i n t a c t  in  th e  a c id  m edia. 
The h y d r o ly t ic  s t a b i l i t y  o f  th e  p r o t e in  in  d i lu te  a c id  m edia is  
d i f f i c u l t  to  p r e d i c t  b ecau se  th e  h y d r o ly s is  is  n o t random . A h ig h  
d e g re e  o f s p e c i f i c i t y  le a d in g  to  p r e f e r e n t i a l  c le a v a g e  o f  a s p a r ty l  
r e s id u e s  i s  g e n e r a l ly  o b s e rv e d .9 7  S in c e  th e  p r o te in  i s o l a t e  from 
s in g l e  c e l l  o rgan ism s i s  a complex m ix tu re  o f enzymes w i th  d i f f e r i n g  
s e n s i t i v i t i e s  to  a c id  h y d ro ly s is  i t  w ould be ex p ec ted  t h a t  a 
s i g n i f i c a n t  b ro a d e n in g  o f  th e  MWD w ould occur fo llo w in g  th e  a c id  
t r e a tm e n t .  H ow ever, i t  i s  u n l ik e ly  t h a t  t h i s  change i n  th e  
p h y s ic a l  p r o p e r t i e s  o f  th e  p r o te in  m ix tu re  w i l l  re d u c e  o r  e f f e c t  
i t s  n u t r i t i o n a l  v a lu e .  F u r th e r  th e  p re s e n c e  o f such  an  e x te n s iv e  
c o n c e n t r a t io n  o f  low m o le c u la r  w e ig h t p r o te in  in  th e  i s o l a t e  
in d ic a te s  t h a t  e i t h e r  th e  m ix tu re  m ust be f r a c t io n a te d  b e fo re  
f a b r i c a t i o n  o r  th e  m ech an ica l p r o p e r t i e s  o f  the  p r o te in  m ix tu re  
m ust be supp lem en ted  by th e  a d d i t io n  o f  h ig h  m o lecu la r w e ig h t 
f i l l e r s  d u r in g  th e  f a b r i c a t i o n  p ro c e s s .
R ecen t p u b l i c a t io n s 5 3 *54 on r e d u c t io n  o f th e  n u c le i c  a c id  
c o n te n t  o f  y e a s t  by a h e a t  shock  p ro c e s s  prompted th e  in v e s t i g a t i o n
o f  th e  a p p l i c a b i l i t y  o f  t h i s  p ro c e d u re  to  b a c t e r i a .  S in ce  th e  
p re se n c e  o f  a r ib o n u c ie a s e  i n  an a p p a re n t  p r e r e q u i s i t e  f o r  t h i s  
p r o c e s s ,  th e  i n i t i a l  s tu d ie s  have been  co ncerned  w i t h ■C ellu lom onas 
o n ly ;  work by N o riu c h i90 in d ic a te d  t h a t  A lc a l ig e n e s  f a e c a l l s  la c k s  
a th e rm a lly  s t a b l e  r ib o n u c ie a s e .  A re d u c t io n  in  th e  n u c le ic  a c id  
c o n te n t  o f  C ellu lom onas th ro u g h  th e  u se  o f  th e  h e a t  shock  t re a tm e n t 
b a sed  on th e  m ethod o f  Maul £ t  a l . 53 i s  d e f i n i t e l y  p o s s ib le ,  b u t 
th e  maximum r e d u c t io n  ap p ea rs  to  be 50$ o f  th e  i n i t i a l  c o n te n t .
As T ab le  X II I  i n d i c a t e s ,  n e a r ly  50$ o f  th e  n u c le ic  a c id s  can be 
removed by h e a t  sh o ck in g  a v ia b le  c e l l  c u l tu r e  a t  72°C f o r  14 
seconds fo llo w e d  by in c u b a t in g  th e  m ix tu re  f o r  two h o u rs  a t  
52~55°C. The h e a t  sho ck in g  te m p e ra tu re  i s  more c r i t i c a l  th a n  th e  
h e a t in g  tim e (F ig u re  1 2 ) . V ary ing  th e  h e a t  sh o ck in g  te m p e ra tu re  
o v e r a range  from  65° to  80°C u t i l i z i n g  c o n ta c t  tim es  o f  5 to  15 
seconds seemed to  produce a  s i g n i f i c a n t  in c re a s e  in  th e  
e f f e c t iv e n e s s  o f  th e  rem oval o f  th e  n u c le i c  a c id s  (T ab le  XIV).
H eat shock ing  a t  6 8 -7 ^ °  from  5 to  18 seconds d e m o n s tra ted  t h a t  
c o n ta c t  tim e o f  14 to  15 seconds p roduced  th e  optimum r e s u l t s  b u t 
t h i s  i s  n o t a v e ry  s e n s i t i v e  v a r i a b le  (T ab le  X I I I ) .
H eat sh o ck in g  a lo n e  i s  n o t  s u f f i c i e n t ;  an  in c u b a t io n  p e r io d  
o f  a t  l e a s t  two h o u rs  a t  5 2 -5 3 ° i s  r e q u i r e d  (T ab le  XIV ). The 
n u c le ic  a c id s  a r e  h y d ro ly zed  by th e  r ib o n u c le a s e s  r e le a s e d  by th e  
h e a t  t re a tm e n t d u r in g  t h i s  p e r io d .  C e n t r i f u g a t io n  o f  th e  c e l l  
su sp e n s io n  im m ed ia te ly  a f t e r  h e a t  sh o ck in g  removes o n ly  8-18$  o f 
th e  n u c le ic  a c id  com ponent; a s im i l a r  amount can  be removed by 
c e n t r i f u g a t io n  o f  c e l l  su sp e n s io n  a f t e r  s u b je c t in g  i t  to  th e
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In c u b a tio n  p e r io d  o n ly .  A lth o u g h  th e  in c u b a t io n  p e r io d  ia  
n e c e s s a r y ,  v a r i a t i o n  in  th e  in c u b a t io n  te m p e ra tu re  from  4 6 -6 1 °  
f a i l e d  to  p ro d u ce  a  s i g n i f i c a n t  ch ange  in  th e  t o t a l  amount o f  
n u c le o tid e B  rem oved. An in c u b a t io n  te m p e ra tu re  o f  36°  was 
s e l e c te d  f o r  f u r t h e r  s tu d ie s  on th e  h e a t  sh o ck in g  p ro c e ss  (T ab le  
X V ).
H ie m ost c r i t i c a l  v a r i a b l e  in  t h i s  s tu d y  p ro v ed  to  be th e  
age o f  th e  c e l l  c u l t u r e s ;  th e  b e s t  r e s u l t s  w ere  o b ta in e d  w ith  
f iv e - d a y  o ld  c u l t u r e s  i n  th e  l a g  p h a se . As T a b le  XV i n d i c a t e s ,  
th r e e -d a y  o ld  c u l tu r e s  in  l a g  p h ase  g row th  f a i l e d  to  re sp o n d  t o '  
h e a t  sh o c k in g . O ld e r c u l t u r e s ,  i . e .  9 an<  ̂ 13 d ay s  o ld ,  a ls o  f a i l e d  
to  re sp o n d  to  th e  t r e a tm e n t .  T hese r e s u l t s  a r e  c o n s i s t e n t  w ith  
th o s e  r e p o r te d  by S tra n g e  and Shon51 i n  a s tu d y  on A e ro b a c te r  
A e ro g en e s . They o b se rv ed  th e  l o s s  o f  RNA from  t h e i r  c u l tu r e s  a f t e r  
h e a t in g  a t  4-7° f o r  one h o u r  was d ep en d en t upon th e  c o m p o s itio n  o f  
th e  l i q u id  u se d  to  wash and re s u sp e n d  th e  b a c t e r i a ,  th e  c e l l  
d e n s i t y ,  and th e  grow th  phase  o f  th e  b a c t e r i a .  S im i la r  o b s e r v a t io n s  
w ere  r e p o r te d  by A llw ood and R u s s e l l52  when c u l t u r e s  o f  
S ta p h y lo c o c c u s  A ureus w ere  h e a te d  a t  50 to  6 0 °  f o r  one to  two h o u r s .
F u r th e r  d evelopm en t o f  a  h e a t  s h o c k in g - in c u b a t io n  te c h n iq u e  
m ust a w a it  th e  e s ta b l is h m e n t  o f  th e  f i n a l  c o n d i t io n s  f o r  c o n tin u o u s  
c u l t u r e  o f  a sy m b io tic  C e llu lo m o n a s-P - g lu c o s id a s e  u t i l i z i n g  
o rg a n ism . T h is  w i l l  f i x  th e  m ost c r i t i c a l  v a r i a b l e s ,  i . e .  c u l t u r e  
m ed ia , c e l l  d e n s i t y ,  and th e  a v e ra g e  age o f  th e  c e l l s  rem oved from  
th e  r e a c t o r .  One would e x p e c t  t h a t  th e  c e l l s  w i l l  be in  lo g  p h a se  
g row th  a s  th e y  flo w  from  th e  r e a c t o r  so  a  h o ld in g  p e r io d  to  a s s u r e
10k
t h a t  th e  c e l l s  e n t e r  th e  la g  ph ase  would be re q u ir e d  i f  th e  h e a t  
shock  tre a tm e n t w ere to  be em ployed. I t  may be p o s s ib le  to  combine 
th e  h e a t  shock  te c h n iq u e  w ith  s e l e c t i v e  h y d ro ly s is  to  a c h ie v e  more 
e f f i c i e n t  r e d u c t io n  In  th e  n u c le ic  a c id  c o n te n t .  A r e c e n t  
p u b l ic a t io n  by Canepa e£  a l . »5S w hich c i t e s  th e  sy m b io tic  in f lu e n c e  
o f  h ig h  pH on th e  h e a t  shock  tre a tm e n t  o f  Saccharom yces c e r e v is a e  
s u p p o r ts  t h i s  h y p o th e s is ,
A f u r t h e r  m o d if ic a t io n  would be th e  u se  o f  hom ogenized c e l l s  
f o r  h e a t  sh o ck in g . Ohta e t  a tl . 54 m entioned  t h i s  p ro ced u re  and 
S u cher et: _ a l.3°  h a s  u sed  th e  m ethod s u c c e s s f u l ly  in  th e  p ro d u c tio n  
o f  a SCP c o n c e n tra te  from  b a k e rs  y e a s t .
I t  i s  n o te d  t h a t  in  th e  s e c t io n  on a c id  h y d ro ly s is  (F ig u re  8 ) 
th e  u se  o f  EDTA r e s u l t e d  in  in c re a s e d  lo s s  o f  n u c le ic  a c id  from  th e  
sam ple t r e a te d  a t  37°C f o r  12 h o u rs .  The a d d i t io n  o f  EDTA o r  o th e r  
com plex ing  a g e n ts  may be a n o th e r  a l t e r n a t i v e  to  in c r e a s in g  th e  
e f f e c t iv e n e s s  o f  n u c le ic  a c id  rem oval by h e a t  sho ck .
E . RNA R ed u c tio n  in  C o n ju n c tio n  w ith  P r o te in  F ib e r  F o rm atio n  
The use o f  p r o te in s  f o r  th e  p ro d u c tio n  o f  s y n th e t ic  f i b e r s  
h a s  been  c o n s id e re d  s in c e  b e fo re  W orld War I I , "  b u t a lm o s t a l l  o f  
t h i s  r e s e a rc h  was co ncerned  w ith  th e  p ro d u c tio n  o f  p ro d u c ts  f o r  
n o n -fo o d  u se . I t  was n o t  u n t i l  195k th a t  Boyer1*30 t e x tu r iz e d  soy 
beans in to  a spun p r o te in  f i b e r  t h a t  was in te n d e d  f o r  human 
consum ption . U n t i l  v e ry  r e c e n t ly  soy p r o t e in  was th e  p r o t e in  which 
was te x tu r iz e d  m ost o f te n  f o r  u se  In  meat a n a lo g  p r o d u c ts . 1 0 1 *102  
I n  1971 > Huang and H ha ,1 0 3  s tu d ie d  th e  p r o p e r t i e s  o f  a SCP
l o ?
c o n c e n tr a te  w ith  r e s p e c t  to  dope fo rm a tio n  and i t s  flow  b e h a v io r .
T o ru la  y e a s t  was used  to  p re p a re  a SCP dope c o n ta in in g  10 to  25
p e rc e n t  p r o t e in  a t  pH 8 , 9* 10* and 12 . The s tu d y  in d ic a te d  t h a t
th e  c o n c e n tr a t io n s  o f  a SCP dope in  th e  ran g e  o f  15 to  20 p e rc e n t
was optimum f o r  s p in n in g  and th a t  maximum v i s c o s i ty  in  th e  SCP
dope was in duced  a t  a ro u n d  pH 9* A lso  i n  1971* Heden e t  a l . 3-0'*
spun b a c t e r i a l  p r o te in s  in to  f i b e r s  f o r  th e  f i r s t  tim e . The
s p in n in g  dope was p re p a re d  by su sp en d in g  d i s in te g r a te d  c e l l s  in
a c a rb o n a te -b ic a rb o n a te  b u f f e r ,  pH = 9 * 5 "H * 0  f o r  2 h o u rs  a t  5°C
u n d er co n tin u o u s  s t i r r i n g .  F ib e rs  w ere  spun from  t h i s  s o lu t io n
b o th  w ith  and w ith o u t  rem oval o f  c e l l  w a l ls  in to  a  O .f  p e rc e n t
p ro p io n ic  a c id  b a th .  A c a p i l l a r y  tu b e  sp in n in g  a p p a ra tu s  was u sed
to  o b ta in  f i b e r s  o f b e t t e r  q u a l i ty  th a n  th o se  o b ta in e d  w ith  a
s p in n e r e t .  I t  was found t h a t  th e  m ost s u i t a b l e  s e t  o f  c o n d i t io n s
f o r  fo rm a tio n  o f  f i b e r s  from  b a c t e r i a l  p r o te in  w ere o b ta in e d  when
th e  a rran g em en t was su ch  th a t  th e  p r o t e in  s o lu t io n  was h e a t
d e n a tu re d  a t  80°C d u r in g  i t s  p a ssa g e  th ro u g h  a c a p i l l a r y  tu b e .
The s t r o n g e s t  and m ost homogeneous f i b e r s  w ere o b ta in e d  w ith  pu re
d e s in te g r a te d  b a c t e r i a l  c e l l s .  Huang and Rha105  in  1972 used
a l k a l i - e x t r a c t e d  SCP c o n c e n tr a te  from  y e a s t  to  s p in  p r o te in  f i b e r s .
A c a p i l l a r y  ty p e  sp in n in g  a p p a ra tu s  was a ls o  u se d . S p in n in g  dope
w ith  a 20 p e rc e n t  SCP c o n c e n tr a t io n  a t  a pH o f  9 gave th e  most
d e s i r a b le  sp in n in g  c h a r a c t e r i s t i c s .
The ex p erim en ts  on s e le c t iv e  h y d r o ly s is  o f n u c le ic  a c id s  
w ith  d i l u t e  a l k a l i  i n d i c a t e  (T ab le  XVl) t h a t  a k-6  h o u r in c u b a t io n  
tim e  i s  s u f f i c i e n t  to  d eg rad e  th e  RNA com ponents o f  th e  n u c le ic
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a c id s .  The p ro ced u re  does n o t  r e q u i r e  a h ig h  te m p e ra tu re  a l k a l i  
t r e a tm e n t ;  t h i s  m inim izes th e  p o s s i b i l i t y  o f  base  c a ta ly z e d  to x ic  
b y -p ro d u c t fo rm a tio n . 100 D uring  th e  sp in n in g  o p e ra t io n  th e  
n u c le o t id e s  d is s o lv e  in  th e  c o a g u la n t b a th ,  and th e  f i b e r  a c t s  as 
a m ic ro d ia ly s is  tu b e  e n a b lin g  n u c le o t id e s  tra p p e d  w i th in  th e  f i b e r  
s t r u c t u r e  to  d i f u s e  in to  th e  b a th ,  A lthough  i t  i s  p o s s ib le  to  
s p in  hom ogenized c e l l  s u s p e n s io n s , v e ry  weak f ib e r s  a r e  p roduced . 
The a d d i t io n  o f  c a s e in  a s  a h ig h  m o le c u la r  w e ig h t c a r r i e r  p roduced 
b e t t e r  f i b e r s  b u t  v e ry  h ig h  c a s e in  c o n c e n tr a t io n s  ( i . e .  1 6 . 5$ ° f  
th e  t o t a l  p r o t e in )  w ere r e q u i r e d .  The a d d i t io n  o f  soybean  p r o te in  
o r  egg album in  d id  n o t r e s u l t  in  f i b e r s  any s t ro n g e r  th a n  th o se  
o b ta in e d  by th e  a d d i t io n  o f c a s e in .  W heat g lu te n ,  CMHEC c e l l u l o s e ,  
and m ethyl c e l l u l o s e  d id  n o t  ap p ea r to  have any e f f e c t  on 
s t r e n g th in g  f i b e r s  fo rm ed , n o r d id  th e  sp in n in g  o f  th e  p r o t e in  
dope in to  a CaCl2  s o lu t io n .  S o lu t io n s  t h a t  c o n ta in ed  l i g n i n  
r e s u l t e d  In  some o f th e  l i g n i n  b e in g  tra p p e d  in  th e  p r o t e in  f i b e r s .  
Sam ples t h a t  w ere h y d ro ly zed  f o r  as lo n g  as  20 h o u rs  showed l i t t l e  
in c r e a s e  in  UNA r e d u c t io n .  A lso  sam ples o f  sp in n in g  dope which 
w ere  p r e c i p i t a t e d  by a c id  and c e n tr i f u g e d  lo s s  ap p ro x im a te ly  the  
same amount o f  RNA as  th e  spun sam p les . These r e s u l t s  d e m o n stra te  
t h a t  te x tu re d  SCP w ith  a n u c le ic  a c id  c o n te n t  low enough to  be 
u t i l i z e d  a s  a good supp lem ent can  be p roduced  by a s u i t a b ly  
m o d ified  s p in n in g  p ro c e ss  i f  c e r t a i n  p r o te in  a d d i t iv e s  a r e  u sed  to  
im prove f i b e r  s t r e n g th .
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F . C e l l  F lo c c u la t io n
The r e s u l t s  o f  s c r e e n in g  58 ch em ica l f lo c c u la n ts  a s  p o s s ib le  
a id s  in  h a r v e s t in g  C ellu lom onas a re  in  T ab le  XVIX. A l l  o f  the  
f lo c c u la n ts  t e s t e d  f a i l e d  to  f lo c c u la te  th e  c e l l s  in  th e  c u l tu r e  
media a t  th e  dosages recommended by th e  m a n u fa c tu re rs  ( 5-100  ppm 
ra n g e ) . Of th e  f lo c c u la n t s  w hich  w ere e f f e c t i v e  a t  a c o n c e n tr a t io n  
o f  1 g /1 ,  th e  B etz  Polym ers w ere s t r o n g ly  c a t i o n i c .  The co m p o sitio n  
o f  th e  e f f e c t i v e  N alco and P e t r o l i t e  po lym ers was n o t a v a i l a b le .
S in ce  th e  f lo c c u la t i o n  phenomena i s  an  ex trem ely  com plex o n e , 
f u r th e r  d e t a i l e d  s tu d y  i s  needed  to  o b ta in  th e  id e a l  f lo c c u la n t  
o r  co m b in a tio n  of f lo c c u la n t s  which can  be u sed  to  h a r v e s t  th e  
c e l l s  a t  a v e ry  low c o n c e n tr a t io n .  W hile  th e  c o n c e n tr a t io n  o f 
1 g /1  may f i r s t  appear as a low v a lu e , in  com parison w i th  a c e l l  
c o n c e n tra t io n  on th e  o rd e r  o f  10 g / 1 , th e  f lo c c u la n t  w ould be 10 
p e rc e n t o f  th e  h a rv e s te d  p ro d u c t .  T h is c o u ld  n ev er be u sed  on an 
in d u s t r i a l  s c a l e .
A n o th er problem  would be th e  in c lu s io n  in  th e  SCP p ro d u c t 
o f  h ig h  c o n c e n tr a t io n s  o f  p o s s ib ly  to x ic  c h e m ic a ls . Of a l l  o f th e  
f lo c c u la n t s  l i s t e d  (T ab leX V Il) o n ly  th o se  produced  by th e  Calgon 
C o rp o ra tio n  a r e  a cc e p ted  by th e  E n v iro n m en ta l P r o te c t io n  Agency 
f o r  use in  a p ro d u c t f o r  human consum ption . T h is i s  i n  p o ta b le  
w a te r  s u p p l ie s  a t  c o n c e n tr a t io n s  up to  1 ppm. T h e re fo re , a 
chem ical f lo c c u la n t  n o t o n ly  h a s  to  be e f f e c t i v e  a t  a low  concen­
t r a t i o n ,  b u t  sh o u ld  n o t re m a in  in  th e  SCP p ro d u c t a t  a c o n c e n tr a t io n  
above 1 ppm.
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E a r l i e r  e x p e r im e n ts 107  by th e  N alco C hem ica l Company v e r i f y  
th e  f a c t  t h a t  C ellu lo m o n as c e l l s  in  a f e r m e n ta t io n  media do n o t  
f l o c c u l a t e  e a s i l y  w ith  p o lym ers when th e  f e r m e n ta t io n  i s  a t  th e  
h a r v e s t in g  s t a g e .  They r e p o r t e d  t h a t  d is s o lv e d  a i r  f l o t a t i o n  
o f f e r e d  p o t e n t i a l  a s ’a c e l l  r e c o v e ry  te c h n iq u e .
T here  i s  a l s o  th e  p o s s i b i l i t y  o f u s in g  a n a t u r a l  polym er 
su ch  a s  c a s e in  a s  a f l o c c u l a t i n g  a g e n t .  T h is  w ou ld  remove th e  
p o s s i b i l i t y  o f  p o s s ib le  i n c l u s i o n  o f  to x ic  c h e m ic a ls  in  th e  SCP 
c o n c e n t r a te ,  s in c e  m ost c h e m ic a l f lo c c u la n t s  a r e  n o t  approved  f o r  
food u s e .  In  T ab le  XVIH a r e  th e  r e s u l t s  o f f l o c c u l a t i n g  c e l l s  
w ith  a 1 .0 $  s o lu t io n  o f  c a s e in .  The r e s u l t s  a t  pH “  5*0 a r e  
com parab le  to  u s in g  a  c h em ica l a d d i t iv e .  U sin g  a  p r o te in  po lym er 
w ould e l im in a te  th e  n eed  f o r  rem oval o f  th e  f l o c c u l a t i n g  a g e n t  
d u r in g  f u r t h e r  p r o c e s s in g .  A lso  as a l l  o f  th e  added  p r o t e in  i s  
re c o v e re d  in  th e  p r o d u c t ,  t h i s  p ro c e ss  sh o u ld  be f a i r l y  e c o n o m ic a l. 
C ase in  was a l s o  e f f e c t i v e  a t  a  c o n c e n tr a t io n  o f  0 . 5 $ .  By 
hom ogen iz ing  some o f  th e  c e l l s  i n  th e  c u l t u r e  t o  r e l e a s e  more 
f r e e  p r o t e in  i t  may be p o s s ib le  to  red u ce  th e  am ount o f  added 
c a s e in  even  f u r t h e r .  The u se  o f  a p r o te in  w i th  a  h ig h e r  
i s o e l e c t r i c  p o in t  w ould  a l s o  r e s u l t  in  a more eco n o m ica l p r o c e s s .
CHAPTER IV 
CONCLUSIONS
The work on s in g le  c e l l  o rg an ism s h as  r e s u l t e d  in  a g e n e ra l  
scheme f o r  the  p ro d u c tio n  o f  p r o te in  i s o l a t e s .  T h is  schem e, 
b e g in n in g  w ith  th e  c e l l  m enstrum  (Scheme l )  can  be a d ju s te d  to  
p ro d u ce  e i t h e r  a c ru d e  p r o te in  f i b e r  f o r  an im al feed  o r  food g rad e  
p r o t e i n .  The p ro c e s s e s  in v o lv ed  a re  a m e n a b le  to  la rg e  s c a le  
o p e r a t io n  and p ro b a b ly  would be in e x p e n s iv e  enough to  com pete w ith  
p r o t e i n  i s o l a t e s  c u r r e n t ly  on th e  m ark e t. However, one v e ry  key 
s t e p ,  c e l l  c o n c e n t r a t io n ,  h a s  n o t been  s tu d ie d  in  enough d e t a i l  
and w i l l  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  P re l im in a ry  s tu d ie s  
em ploy ing  f lo c c u la t in g  a g e n ts  have  d e m o n stra ted  th e  f e a s i b i l i t y  
o f  t h i s  approach  b u t  t h i s  phenomena i s  e x tre m e ly  com plex and many 
v a r i a b l e s  have n o t been  e v a lu a te d .
Assuming t h a t  a 10^ c e l l  cream  can  be o b ta in e d , a M anton- 
G a u lin  c e l l  hom ogenizer can  be u sed  t o  ru p tu r e  th e  c e l l  w a l ls  and 
p ro d u ce  a c e l l  frag m en t s l u r r y .  P a ssag e  th ro u g h  th e  hom ogenizer 
rem oves o r d i s i n t e g r a t e s  any la r g e  p a r t i c l e s  w hich co u ld  c lo g  a 
s p in n e r e t  in  th e  su b se q u e n t s p in n in g  p ro c e s s e s  so  f i l t r a t i o n  o f  
th e  sp in n in g  s o lu t io n s  w i l l  n o t  be r e q u i r e d .  I f  c ru d e  f i b e r  
c o n ta in in g  55"60^  p r o te in  i s  d e s i r e d ,  one s im p ly  h as  to  a d ju s t  th e  
pH o f  th e  c e l l  frag m en t s lu r r y  to  1 0 .0 ,  add a h ig h  m o le c u la r  w e ig h t 
po lym er to  a c t  as  a f i b e r  s u p p o r t ,  age th e  s o lu t io n  f o r  fo u r  to  
s i x  h o u rs  and th e n  s p in  th e  p r o te in  i n to  a p ro p io n ic  a c id  b a th .
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Scheme I
Protein Isolation from Single Cell Organisms
C e ll Menstrum
1. F i l t e r  s c re e n  to  remove s u b s t r a te
2 . F lo c c u la t in g  ag en t
3 . D esludging c e n tr i fu g e
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Any o rg a n ic  o r  In o rg a n ic  a c id  b u f f e r  c an  be used  as a c o a g u la n t  
b u t  p ro p io n ic  a c id  i s  n o n - to x ic  and d i g e s t a b l e .  The c ru d e  p r o te in  
f i b e r  c an  th e n  be  f a b r i c a t e d  o r  m o d if ied  to  s e rv e  as an  an im al
t
fo o d  o r  f i l l e r  i n  an i n d u s t r i a l  a p p l i c a t i o n .
Food g ra d e  p r o te in  w i l l  r e q u i r e  an  a d d i t io n a l  p u r i f i c a t i o n  
s te p  to  remove th e  l i g n i n  and o th e r  d a rk  c o lo re d  im p u r i t i e s  from 
th e  raw c e l l s .  S in c e  th e s e  im p u r i t ie s  a r e  in s o lu b le  in  a c i d s ,  
re d u c in g  th e  pH o f  th e  m enstrum  below  th e  i s o e l e c t r i c  p o in t  o f  th e  
p r o t e i n  com ponent p r e c i p i t a t e s  th e  im p u r i t i e s  and le a v e s  a s o lu t io n  
o f  n u c le i c  a c id s  and p r o t e i n .  Aging t h i s  s o lu t io n  f o r  1 0 -1 2  h o u rs  
e f f e c t s  th e  s e l e c t i v e  h y d r o ly s i s  o f  th e  n u c le i c  a c id s  and p roduces 
a m ix tu re  o f  p r o t e i n  and n u c le o t id e s  w h ich  can  be s e p a r a te d  by 
d i a l y s i s  o r  h y p e r f i l t r a t i o n .  H y p e r f i l t r a t i o n  would be  p r e f e r r e d  
s in c e  th e  p ro c e d u re  a ls o  c o n c e n t r a te s  th e  p r o t e in  s o l u t i o n .
F i n a l l y ,  th e  p r o t e i n  can  be p r e c i p i t a t e d  by a llo w in g  th e  pH to  
r i s e  to  th e  i s o e l e c t r i c  p o i n t .  T h is  p ro c e d u re  y ie ld s  a  cream  
c o lo re d  powder c o n ta in in g  6 0 - 75$ p r o te in  w hich  c o u ld  be  employed 
a s  a food  a d d i t i v e  o r  f a b r i c a t e d  to  p ro d u c e  t e x tu r i z e d  p r o te in  
p r o d u c t s .
In  F ig u re  l b  i s  a co m p ariso n  o f th e  amino a c id  c o n te n t  o f  
two c ru d e  p r o t e i n  e x t r a c t s  o b ta in e d  by an  a lk a l in e  and a c id  
p u r i f i c a t i o n  schem e. The s i m i l a r  n a tu r e  o f  th e  amino a c id  p a t t e r n  
i l l u s t r a t e s  th e  f a c t  t h a t  th e  amino a c id  c o n te n t  o f  th e  p ro d u c t i s  
in d e p e n d e n t o f  th e  e x t r a c t i o n  schem e. T h is  i s  im p o r ta n t  s in c e  i t  
i n d i c a t e s  t h a t  no e s s e n t i a l  amino a c id  f r a c t i o n  would be  l o s t  i f  
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o f  th e  am ino a c id  c o m p o s itlo n  o f  th e  v a r io u s  sam p les  r e p o r te d  In  
t h i s  s tu d y  on a p e rc e n t  o f  t o t a l  p e p t id e  amino a c id  a g a in  v e r i f i e s  
t h a t  fh e  m ole p e rc e n t  o f  e ac h  amino a c id  v a r ie s  v e ry  l i t t l e  w ith  
sam ple p r e p a r a t io n .
R ecen t e x p e rim en ts  w ith  y e a s t  c u l t u r e s ,  e s p e c i a l l y  Y -13, h a s  
shown t h a t  A lc a l ig e n e s  c a n  be a d v a n ta g e o u s ly  r e p la c e d  by them . I f  
Y -13 does become in c o rp o ra te d  in to  th e  SCP p r o c e s s ,  an in d i c a t io n  
o f  i t s  p r o t e i n  c o n te n t  i s  in  F ig u re  1 5 . Hie am ino a c id  c o n te n t  
o f  C e llu lo m o n a s . Y -13, and sy m b io tic  C ellu lom onas and Y-13 i s  v e ry  
s i m i l a r .  The sy m b io tic  c u l t u r e  o f  C ellu lom onas and A lc a lig e n e s  
h a s  a much h ig h e r  amino a c id  c o n te n t ,  how ever, th e  e x a c t  amino a c id  
c o n te n t  o f  t h i s  m ix tu re  i s  in  q u e s t io n .  There i s  re a s o n  to  b e l i e v e  
t h e r e  was s u b s t a n t i a l  f r e e  p r o t e in  in  s o lu t io n  fro m  lyBed c e l l s  
when th e  c u l t u r e  was h a r v e s te d  th e re b y  g iv in g  t h i s  c u l tu r e  th e  
a p p ea ran ce  o f  h a v in g  a v e ry  h ig h  p r o t e i n  c o n c e n t r a t io n .
The in c o r p o r a t io n  o f  Y-13 in to  th e  SCP p ro c e s s  w i l l  p r e s e n t  
new p o s s i b i l i t i e s  f o r  h a r v e s t i n g  c e l l s  and p ro d u c t  p u r i f i c a t i o n .
Some o f  th e  n u c le i c  a c id  rem oval te c h n iq u e s  r e p o r te d  h e re  w ere 
s u c c e s s f u l  on y e a s t  RNA and sh o u ld  be  e q u a l ly  s u c c e s s f u l  on Y-13* 
O th e r p ro c e d u re s  w i l l  h a v e  to  be t e s t e d  anew a s  a new s e t  o f  
f e rm e n ta t io n  c o n d i t io n s  a r e  d ev e lo p ed  f o r  a s y m b io tic  c u l tu r e  o f  
C ellu lom onas and Y-13*
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